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THE book in the reader's hand is a trai 
second edition of the Comte du Mon 
age itledrique? published at Paris, by the Me 
in 1880. Though the original worlc is one 
tended for popular use, it leaves nothing tc 
the score of scientific treatment. An able 
handling of the subject that occupies the 
is, indeed, precisely what would "be expecte 
are acquainted with the very eminent scie* 
the Comte du Moncel as an investigator a* 
While the general reader will find in the fol 
that he can possibly require to know about 
and find it, too, laid before him in full an 
tions, divested of all perplexing technicahti 
that the book may prove of more extended 
utility, by supplying serviceable guidance 
creasing number of persons who are called 
how far this latest gift of science can be 
purposes. Such are more especially engi 
managers of industrial and commercial esta 
kinds, municipal officers, members of local 
of railway arid steamship companies, lessees 
tors of museums, and of picture galleries, e 
classes of persons too numerous to mentiot 
feature of the present work — because it is ai 
common, either in scientific or in popula 



vi TRANSLATOR'S PREFACE. 

from the first page to the last, the practical point of view is 
never for an instant abandoned. 

No special knowledge of electrical science is needed for 
the intelligent perusal of this work; nevertheless,! a reader 
altogether new to the subject would do well to acquire 
clear ideas of a few elementary facts. Almost any of the 
cheap manuals which now abound would suffice to convey 
all the information required; but it could not, perhaps,^*© 
attained more pleasantly and profitably than by a reference 
to Professor TyndalPs " Notes of a Course of Seven Lectures 
on Electrical Phenomena and Theories," which may be had 
for a few pence. 

The present translation contains all the author's notes, 
references, and appendices. To these, two other appendices 
are now added by the translator. The first gives the English 
equivalents of the French weights, measures, etc., which, on 
account of their now almost universal employment for 
scientific purposes, it has been deemed expedient to retain in 
the text. The second is a brief notice of some forms of 
incandescent lamps, and of another recent invention, which 
have come into prominence since the publication of the origi- 
nal work. Several lamps of this kind may now be said to 
have proved completely successful in practice, and the forms 
described in the appendix are those which have attracted the 
largest share of public attention, as offering the simplest and 
most effective solution of nearly all the difficulties that have 
hitherto attended the application of electric lighting to 
domestic and certain other purposes. 

The translator, having been unable to refer to some of 
the English and American newspapers, journals, and reports 
quoted by the author, has usually contented himself with 
a faithful rendering of the French version ; but it is not, 
of course, to be expected that the ipsissima verba of the 
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date from but the seventeenth century (1667). It was only 
in the middle of the succeeding century that the famous 
r'evcrbhrcs (street lamps with reflectors) were invented, which 
in our youth we still saw hung in the middle of the streets in 
several towns. At the present time we have a great con- 
tempt for these means of illumination, and yet when Quin- 
quet in 1 785 invented the class of lamp that bears his name, 
it was supposed that he had made a magnificent discovery;* 
and I yet remember the enthusiasm which hailed Careers 
invention of the lamp with clockwork. It was, however, only 
at the period of the discovery by Lebon of the illuminating 
properties of gas, in 1801, that the revolutionary era of public 
illumination commenced; but although from the first the 
immense advantages of this method of illumination could be 
proved, the determination to adopt it required a long time. 
It was in England that the first applications of this system to 
the lighting of streets were made, and although the invention 
was entirely a French one, people did not bethink themselves 
of using it in Paris until 181 8, under the administration of 
De Chabrol. The producers of lamp oil were at this time 
struck with dismay, for in this discovery they saw the ruin of 
their industry. But they soon found that, contrary to their 
expectation, the consumption of lamp oil increased with the 
development of gas illumination. It could not, indeed, have 
been otherwise, for gas illumination, by accustoming people 
to a brighter light, was bound to cause an increase in the 
number of lamps used for private illumination, and an im- 
provement in the construction of the lamps themselves, so 
that for the same object they might burn a larger quantity 
of oil. 

This retrospective glance shows us that at the present time 
the consequences which may result from the development of 
electric lighting are erroneously exaggerated. If this means 
of illumination should come to be produced under thoroughly 

* It appears that Argant was the inventor, and that Quinquet merely im- 
proved the lamp by adapting to it the glass tube which acts as a chimney* 
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_— relating to tK 
Before entering into any detail on matter^ tQ clearl /*« 

Electric light, it appears to me indispensat* certaia Wt> ^ 
down the meaning that must be attached * which> thou ^ 
which we shall often have occasion to use, a0« ^ are ^ 
perfectly precise and definite in their sign.*** p i ora ble con 
always rightly understood, and hence much* ° * 
fusion often arises. t nothing ir ^ 

In the first place an electric current is, in. *» g froin « 
itself but a dynamical action or motion re^ ring syst 
destruction of electrical equilibrium in ac^j of the • 

its effect being a tendency to the re-cstabhsH*^ conductor 
turbed equilibrium through the medium of «»<*« this destruo 
Consequently, if the cause which has product 
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and this force may * 
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6 ELECTRIC LIGHTING. 

The potential of a source of electricity* is related to the 
tension ; but, being applied to the electrical actions them- 
selves, it may represent the tension under more defined 
conditions, which admit of numerical expression. It may 
be roughly defined by saying that it is to electricity what 
temperature is to heat ; it is, in a manner, the quality of the 
electricity, and this properly has relation to the quantity. 
The notion of the potential of an electrified conductor 
necessarily originated from the study of the conditions of 
electrical equilibrium, according to the laws discovered by 
Coulomb. For the existence of these conditions of equi- 
librium it is necessary that the resultant of the attractive and 
repulsive forces acting upon an interior point should be mi; 
but it does not therefore follow that the action of the elec- 
tricity spread over the surface of a conductor should also be 
nil; and it is the mathematical expression representing this ac- 
tion with the zero resultant that is called the tltcttic potential. 

The electrical intensity represents the magnitude of the 
effect produced by the electro-motive force, that is to say, 
the force of the current ; it is, therefore, always in proportion 
to the quantity of electricity circulating in the conductor, and* 
/*/ must depend upon the amounts jointly of the electro-motive 
force and of the resistance offered by the conductor to the motion 
of tlu fluids. Ohm has shown that its value may be expressed 
by the ratio of the electro-motive force to the resistance of 
the conductor, and this supposes that it is directly propor- 
tional to the electro-motive force, and inversely proportional to 
the resistance. Again, Joule has shown that the heat de- 
veloped by an electric current is proportional to the time, to 
the resistance of the circuit, and to the square of the quantity of 
electricity which passes through the circuit in a given time. 

* Abria, in an interesting paper on the Elementary Theory of Potential, 
thus defines it : — "Let us call the Potential of an electrified body the indi- 
cation of a torsion balance, in which the movable ball and the fixed ball 
are two small equal spheres, which, being in contact, have been connected 
with the body by a long and thin wire." 
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The resistance of metais increases, kowever. with the tem- 
perature, while oo the other hand that of B^iids and gases 
decreases The coefficie nts of conecboo winch most be 
applied to the figures we gbe in the table below in order to 
obtain the true vatae for a given temperature, may be seen in 
my Exfou des applications dc I'iiectridtc^ torn* Z, pp. 57 it 

The conductivity of a body is irs property of tiansmitting an 
electric current more or less easily. Properly speaking, all 
the substances of nature are conductors, but in very different 
degrees and under very different conditions. Metals are die 
best conductors. Resins, and other subst an ces like India- 
rubber, gutta-percha, glass, &o, have less conducting power, 
liquids and gases are also conductors, but under certain 
conditions. 

The conductivity of bodies may be considered from seve- 
ral points of view. When it allows the electricity to pene- 
trate the whole mass of a body without further action, and 
to be propagated within it like heat, it takes the name of 
conductivity proper. When, on the contrary, it results only 
from the effects of successive chemical decompositions and 
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actions, that is to say, from deposits chemically produced on 
the electrodes, and reacting in their turn on the electrified 
medium. These deposits tend to produce an electrical 
action in the direction inverse to that of the current: but 
sometimes they proceed from an electro-static polarity com- 
municated to the medium. A polarization of this kind is 
often produced in the voltaic arc. 

We must also give some explanation of the word condensa- 
tion, which we shall have occasion to apply more than once. 
What is so called is the accumulation of charge obtained by 
the inductive action which an electric charge produces on a 
second conductor of large surface insulated from the elec- 
trified one. In this action charges of opposite electricities 
are retained by their mutual attraction, so that they can be 
accumulated in quantities proportional to the extent of the 
condensing surface. Under these conditions a slight leakage 
of charge takes place by electrotonic conductivity, and as the 
condensing plates then constitute true electrodes, the resist- 
ance of the insulator or dielectric interposed between the two 
plates or armatures is inversely proportional to the surface of 
these plates ; or, what comes to the same thing, if it be the 
effect on a submerged cable that is considered, inversely pro- 
portional to the length of the cable. 

Electric Units* — In order to find the values of the 
electro-motive force, and of the resistance of a battery, as 
well as the values of the other elements acting in an electric 
circuit, it has been necessary to fix upon some units of 
electric measurement; and although scientific men are not 
yet of one accord as to the units which should be adopted., 
the tendency is to accept the "rational units" that, after 
long investigations, were fixed upon by the British Associa- 
tion.* These units have received different names, which 
keep in remembrance the physicists who have in the highest 

* See the Report of the British Association for 1873, P 9i S e 222 « — (Tr.) 
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des Arts, 40. These apparatus consist in the more or less 
complete action of resistance coils arranged like a set of 
weights, and in rheometres graduated in ohms and volts ; so 
that byasimple reading, without calculation, the electro-motive 
force of a battery, its resistance, and that of the external circuit 
can be ascertained. The indications are not perhaps rigo- 
rously exact, but they are quite sufficient for the ordinary 
applications that have to be made of electric currents. 



WHAT THE ELECTRIC LIGHT IS. 



An artificial light is usually the result of a combustion, 
and we rarely think of a luminous effect without the inter- 
vention of a combustible substance. With the electric light, 
however, this is not the case, for it can be displayed in a 
vacuum, in water, and in gases incapable of supporting com- 
bustion. Whence arises this difference ? From the fact that 
in one case the heat (which always accompanies the produc- 
tion of light), by effecting the decomposition of the combus- 
tible substance, gives rise to a disengagement of its con- 
stituent hydrogen gas that feeds the flame; while in the 
other case, the luminous effect is the result of a mere 
transformation of the physical forces. This transformation 
shows itself when the conditions of the passage of the 
electricity are such that, the free development of the electric 
action being impeded, an abrupt elevation of temperature 
takes place at one point in the circuit, and there manifests 
itself by incandescence without any combustion being re- 
quired for the production of the incandescent effect. This 
phenomenon follows from the law which requires that, 
whatever may be the nature of the parts of a circuit, every 
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badly-conducting bodies rendered incandescent, and we shall 
have occasion to speak of a system of illumination of this kind, 
devised by Jablochkoflf, who makes use of thin plates of 
kaolin. But in order to obtain these various results a source 
of electricity must be available, which not only supplies suffi- 
cient electricity to produce energetic calorific actions, but pos- 
sesses a tension sufficiently powerful to overcome the resist- 
ances offered by the intermediate bodies that are to develop 
the luminous effects ; and besides this the source of elec- 
tricity must be suitable to the conditions of the experiment. 
It is obvious that if the gaseous interval interposed between 
the conductors of the discharge or current is considerable, it 
will be necessary for the generator of the electricity to 
possess tension especially, whilst to produce a powerful 
effect between two rather large carbons, separated by a 
narrow interval of air, quantity will especially be needed, 
since the calorific effects required to make the carbons in- 
candescent are in proportion to the quantity of electricity 
produced by the generator. 

These two different effects of electric generators may be 
readily explained by the way in which they operate in setting 
up the action. If the generator has a very great tension, 
such as occurs with Holtz's machine and the induction 
machines, the discharge may take place directly between the 
electrodes, which in a manner serve to determine it, leaping 
from one to the other ; but as the enormous resistance pre- 
sented by this gaseous interval very much diminishes the 
electric intensity, the light so produced is very feeble, and it 
can be increased only by decreasing the resistance of the 
gaseous medium, which may be done by rarefying it. The 
discharge then spreads itself in the vacuous vessel, and if the 
quantity of electricity be increased by means of a condenser 
a Kght of some intensity may be obtained. But this intensity 
will be considerable only when the discharge carries with it 
those material particles heated to reddish-whiteness, which, 
as we have already stated, constitute the whole brilliancy of 
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by grouping the elements in series, that is to say, in such a 
way as to collect for tension a greater or less number of 
generating groups whose elements are themselves connected 
for quantity. But farther on we shall have occasion to recur 
to this important question ; here we shall merely add that 
among the different generators there are some more advan- 
tageous than others for the electric light, as regards the 
energy of their action, as well as the expense attending 
them, and that the proper choice of a generator is one of 
the most important questions to be taken into consideration 
in connection with the electric light. Thus, among batteries, 
Grove's and Bunsen's are those which always yield the most 
advantageous results; and among machines the magneto- 
electric induction machines are those which must be used. 
Nevertheless unlooked-for improvements have in quite re- 
cent times made it possible to obtain the electric light with 
thermo-electric piles, and we shall see that if these apparatus 
could be made as substantial and durable as the experi- 
ments already made seem to warrant us to expect, this system 
would indeed be the simplest and most economical means 
of solving the problem of electric illumination. In the 
meantime, until proof of this has been brought forward, the 
induction machines must still be regarded as those which 
best answer the various requirements of the problem, and it 
is these that are at the present time almost exclusively used. 



THE VOLTAIC ARC. 

When the electric light is formed between two conductors 
separated by a stratum of gas, as shown in Fig. i, it receives 
the name of tlie voltaic arc,* and under these conditions the 

* The name of voltaic arc was given to the electric spark exchanged be- 
tween two carbons, on account of the curvature of the luminous track when 
the stratum of air it traverses tends to rise under jthe influence of the high 
temperature to which it is subjected. 
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easily oxidizable metals, like potassium, sodium, magnesium, 
it is more intense than with the inoxidizable metals, such as 
gold or platinum. The shape of the luminous centre depends 
on the form of the electrodes and on their polarity, as I 
have shown in my account of Ruhmkorffs induction ap- 
paratus. Between a point and a conducting surface it 
assumes a conical form, and between two carbon points it 
has the appearance of a globe. The maximum length of the 
arc especially depends on the tension of the current, and with 
a strong current may reach to 2 or 3 centimetres when the 
arc has once been established. According to Despretz this 
length increases more rapidly than the number of battery 
cells employed, and the increase is more marked for small 
arcs than for large ones. It is, therefore, greater with bat- 
teries arranged for tension than with those arranged for 
quantity. Again, the voltaic arc is better developed when 
the positive carbon is above than when it is below; and 
when the carbons are horizontal the arc is shorter than when 
they are placed vertically, for the hot air always tends to 
ascend. On the other hand, the arrangement of the battery 
for quantity then becomes more advantageous than the 
arrangement for tension. 

When voltaic currents are transmitted by carbon elec- 
trodes, the positive electrode has a much higher temperature 
than the negative, a circumstance which does not occur when 
induced currents of high tension are used to produce the 
light. With a moderate electric intensity, and with very pure 
carbons, the luminous effect emanates from a bluish radiant 
centre only ; but when the intensity is greater, a real flame 
always surrounds that luminous centre, and the less pure are 
the carbons the larger is the flame. 

Fig. 2 shows the appearance of the carbons producing the 
electric light when the voltaic arc is projected on a screen- 
Under these conditions the brightness of the flame, and that 
of the arc itself, are so far surpassed by that of the carbons 
that they can scarcely be distinguished. If the carbons are 
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the carbon, whence they dirt across to the opposite ekctrode. 
These globules are dae to mrrtnal substances, and, among 
others, to the alkallce carbonates usually contained in gas- 
retort carbons, which fuse under the excessiverr high tem- 
perature of the voltaic arc These globules, which are not 
formed with very pure carbon, disturb the fixedness and con- 
stancy of the light- 
When the voltaic arc is produced in the air the two carbons 
are soon consumed by burning, but on account of the dif- 
ferent physical conditions of the two electrodes, and the 
transport of carbonized particles by the current, one of the 
electrodes — the positive — burns much more quickly than the 
other ; and that in the proportion of two to one. This un- 
equal consumption occasions several inconveniences : in the 
first place, a displacement of the luminous point, and, be- 
sides this, a disfigurement of the polar extremities of the two 
electrodes, one of which becomes more pointed, while the 
other is hollowed out in the form of a crater, thus surround- 
ing the luminous point with a more or less prominent rim, 
which acts as a shade. The polarization effects induced on 
the electrodes themselves give rise to somewhat complex 
effects, which result in an elevation of temperature, and 
ought to be taken into consideration. With currents alter- 
nately reversed, like those supplied by the induction machines 
of the Alliance Company, these inconveniences do not exist; 
the consumption of the carbons is equal and regular, and 
their points, always remaining perfect in shape, give out the 
light in its entirety. With regard to this matter, what at first 
was supposed to be a defect in the magneto-electric machines, 
and a defect which must be corrected by means of reversing 
rommutators, is, on the contrary, an advantage, not only by 
avoiding the loss of current which takes place through these 
commutators, but by the better conditions under which the 
work is produced. 

These effects, however, have not been regarded in England 
in the same way as they have been by us, and in a report drawn 
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houses it is better to use these last, for the angle within 
which the electric light has to be projected seldom exceeds 
i8o°, and if the carbons are placed as stated above, the 
light is increased in a proportion the mean of which is i *66 
to i. It is, of course, necessary that the positive carbon 
should be above, and the negative carbon below." 

In a report made by an American Commission on the light 
produced by different induction machines, the following 
values are given for the luminous intensities yielded in dif- 
ferent directions by this arrangement of the carbons : — 

I n front 2,218 candles, or 2 3 ro Carcel lamps. 

On one side ... 578 „ 602 „ 

On the other side 578 „ 60*2 

At the back ... 11 1 „ 11*5 






This gives a mean of 87 1 candles. Now the light produced 
by this same machine under the same conditions, but with 
the carbons placed in a line with each other, yielded an in- 
tensity of only 525 candles. "This would seem to show," 
says the report in question, " that an increase of nearly 66 per 
cent, of light is due to the arrangement of the carbons; but 
a close examination has shown that the fact is not so, arid 
that upon the whole there is no advantage in using this 
arrangement except when the light is to be transmitted in 
one direction only." * 

. The resistance of the voltaic arc is rather variable, beinr; 
dependent upon the state of ignition of the carbons, and 
therefore upon their size and the distance between them ; 

* In Douglass's report these differences of illuminating power were re- 
presented by the following figures (the illuminating power of the light pro- 
duced by the carbons placed in a line being 100) : — 

In front 287, or 2*87 times stronger. 

On one side : ... 116 „ 116 

On the other side 116 M im6 ,, 

Behind 38 „ 0*38 ,, 

The mean would therefore be in favour of the light emitted under the con- 
ditions we are speaking of, a smaller luminous power than that obtained by 
the' American Commission. 
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Means of avoiding this inconvenience have indeed at V J^\ 



24 ELECTRIC LIGHTING. 

times been proposed, and among others the use of fluorescent 
globes, capable of absorbing these chemical rays; but this 
improvement was obtained at the expense of the illuminating 
power, thus making the advantages of the electric light less 
marked. 

In comparing different luminous sources with each other, 
Foucault and Fizeau have found that the light of the ordinary 
voltaic arc is one-half less than that of the sun, whilst the 
Drummond light (oxy-hydrogen) is only the one hundred 
and fiftieth part. Now the sun throws upon a given surface 
as much light as 5,774 candles placed at 0*33 metre from 
that surface. 
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out of one of those residues which are taken from the retorts 
of gasworks after the distillation. This form of carbon is 
very hard, very compact, and relatively a good conductor. 
The communicating wires are joined to these electrodes by 
two brass clamps, the one of large size covering the upper 
part of the carbon and pressed against its surfaces, the other 
provided with a binding screw aperture for holding the nega- 



tive wire is applied to a slip of copper riveted to the zinc 
cylinder. The arrangement of a cell of this battery is showi 
in Fig. 4. 

This arrangement may be reversed, and as regards the 
constancy of the battery there would be a gain in doing so, 
for, as 1 have shown, the effects of polarization are less in 
proportion as the negative electrode is larger ; but as the 
electric light requires a great consumption of zinc, this sub- 
stance must be placed in the cell in sufficiently large quantity, 
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liquid, and is then withdrawn completely amalgamated, and 
with i litre of the liquid 150 zincs may be amalgamated. 

The zincs are also amalgamated by plunging them into a 
vessel filled with water acidulated with hydrochloric acid 
into which some mercury has been poured, and by rubbing 
them with a metallic brush dipped into mercury. But it is 
best to use zincs amalgamated throughout their whole mass. 
Dronier has succeeded in forming zincs of this kind by 
uniting mercury to the zinc during its fusion in a closed 
vessel. 

Tommasi has recently arranged Bunsen's cell in such a 
manner as to produce the electric light under relatively good 
conditions. According to an article published by Moigno 
in Lts Mo rules of the 24 Juillet, 1879, Tommasi has even 
succeeded in making this battery inodorous by hermetically 
closing the porous vessels containing the nitric acid. The 
upper part of these vessels is enamelled, and serves as a 
reservoir for a certain quantity of the liquid that is periodi- 
cally renewed by means of an opening which is again closed 
up, and a combination of syphons to maintain the contents 
of the outer vessels at the same level. An upper vessel 
containing a part of the acidulated water permits it con- 
stantly to flow in small quantity into the first of the outer 
vessels, distributes it by the syphons to all the cells of the 
battery up to the last, and this discharges its overflow into a 
vessel which leads it into a waste-pipe. The zincs stand in a 
small circular trough placed in the acidulated water, and 
containing mercury to keep up the amalgamation. 

"After three months of constant experiments and observa- 
tions," says Moigno, " we have been able to ascertain that the 
expenditure of the battery for a lamp by incandescence is about 
1 litre of nitric acid and 2 litres of acidulated water a day, 
and the expenditure of the lamps is from 15 to 20 centimetres of 
carbon per hour." 

We must add that this arrangement of the battery is nothing 
very novel, and we have described several systems of this 
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circuit has little resistance, and that of ioo to 150 metres 
when the resistance is large. The values which we have 
just given relate only to a cell with fresh liquids ; but these 
are rapidly changed as the nitric acid becomes deoxidized 
and the acidulated water becomes charged with sulphate of 
zinc from the corrosion of the metal. To restore the con- 
dition of the cell it often suffices to pour a little water into 
the outer liquid, and to add to the nitric acid some concen- 
trated sulphuric acid, which, having great attraction for water, 
dehydrates the spent nitric acid. 

I enter into many details on this battery, and on all others, 
in the first volume of my Expose des application del' electricity 
and this renders it unnecessary to speak more about them 
here. Their profound study would be altogether beyond the 
purpose of this work ; it is sufficient for us to describe the 
mode of arranging the foregoing battery, in order that in the 
application which may be made of it to electric lighting it 
may be known upon what we have to rely. 

In order to obtain the electric light with a Bunsen's bat- 
tery, it is necessary to group together a certain number of 
cells, and the mode of grouping these cells depends upon 
the kind of light which it is desired to obtain. If the light 
is to be supplied by a voltaic arc, that is to say, with a gaseous 
interval between carbon electrodes, it is necessary to group 
the cells for tension, that is to say, by their opposite poles, a 
positive pole with a negative pole, as shown in Fig. 5, and at 
least 30 cells are necessary ; generally 60 are used for most 
of the experiments that are made at theatres, or for the 
lighting of works by night, and even then only one lamp 
can be lighted. When it is desired to light several, a much 
more powerful battery must be used with certain lamps. 
We shall speak of this farther on. 

If the light is to be the result of arf incandescent effect,, 
the battery gains by being arranged for quantity ; that is to 
say, arranged in such a manner that all the cells are joined 
by their like poles. The calorific effects are then increased 
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the .lumber of elements that arc joined by their dissimilar poles. 
But as this isolation of the action of each element increases 
the resistance of the battery as a whole, it may happen 
under certain conditions of the external circuit that more 
force may be lost by the increase of the total resistance of 
the battery than is gained by the increase in the number of 
its elements ; and this is why it is necessary when deter- 
mining the arrangement of a battery to know exactly the 
conditions of the external circuit on which the battery is to 
act, and more particularly the resistance of that circuit. 

The great principle which must guide us is that the battery 
should be so arranged that its otun resistance shall be equal to 
that of the external circuit. If the 50 metres of telegraph 
wire we have given be accepted as the resistance of a 
Bunsen's cell, and if the resistance of a voltaic arc in the 
ordinary electric lamps be estimated at 3,000 or 4,000 metres 
of such wire, it will be seen at once that there is an advantage 
in ai ranging for tension the elements of a battery used for 
electric illumination by the voltaic arc, and that at the same 
time it is an advantage to have cells of large size, not in order 
to give a greater electro-motive force, but to enable its action 
to last longer and to increase its calorific power. If the 
electric light is to be produced by incandescence, the resist- 
ance of the circuit becomes very much less (about 33 metres 
for the incandescent part) ; and there is a gain, on the 
other hand, in arranging the battery for quantity or in series, 
according to the number of lamps it has to supply and the 
arrangement of the circuits. It is certain that if in the same 
circuit a certain number of lamps be included, the battery 
must have more tension than when the lamps are arranged 
in distinct or derived circuits, and the mode of arrangement 
to be given to the battery will still be determined by the total 
resistance of the external circuit ; which, in that case, will 
equal the resistance of one of the lamps divided by the number 
of lamps to be lighted. It will be understood that in this 
case the electricity supplied by the battery is simultaneously 
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tension is given by the whole number nearest nt3 in & e 

root of the product of the total number of _" ^ jiyided *>>' 
battery into the resistance of the external circ" 1 * 
the resistance of a single element ffice» * ot 

One of these determinations will, however, su ^ qaaD . 
be known how many elements are to be c° nn ^i^^ e ^ 
tity in each group, the total number of elements ^^ muS t 
that of each group will give the number of group 
be connected for tension. . circt" 1 ,s 

The amount of the resistance of the externa 1 ^ jtheo- 
ascertained by employing an apparatus known ^ dffir**' 
slat, and a kind of electrical balance which way pieces of 

Hal galvanometer or a WAeatitone's bridge. T Ascribe* 1 in 
apparatus, and the mode of using them, being £ X p>sZ <** 
all treatises on physics, and particularly '^ oUr oCC upy ° Ut " 
applications de ?electricitc, we shall not fit* 6 * ^ tesista* 106 
selves with them : we shall state only that *"Yv~ €he to* ** 
of the derivations of a circuit may be obt^ 
ing equation : — 

T^ + ^ + ^-r- -Sf,**' , a-,i", &t -' 
in which T represents the total resi sta *, ** "« ff,nl . tt of 
the resistances of the several deriv^ ^ V * e can 
value of T can be calculated when tr**** <*" frV& tt0OS 
<i, d\ d* t &c, or the value of anyone K*# J^ -ainfi 

be found when we know that of the T ° f «^A fr <n n ° ff . , 
ished, in such a l**** ZA €&* *1 



I should have wished, in such a , 



* suoma nave wished, in such a ^ c ^y^ V <# 
to avoid mentioning these diffejj^ ^ -^T^pA 
they are indispensable if we wis^ 7** ^t^/f^ 
Hon, and besides are very simpl e *° v>>7 * 4 
duty at least to indicate them. L* h a ^ 

principle which is found in nearly a ,, U »T:H^ a 
Of a maximum, and which ought air* «*W!*» 
nunds. It is this : in order to bV^*3hT i **W 
the electrical generators must 1*7 ****rt V» ' 






J 



oM serving f< 

^orto"" 1 
»ode -t* 

problem of" 
.ciicuit,""*. 

,„pro(Meea» 
sarytoP» ta ' 
rf the electa 
this way. 

To charge 
negative *« 

poteotab 
charge can 
attached t< 
flow away 
transnutte 
the« IO" 
current* 

whole * 
battery- 
with* 
girnvint 
obtain 
tent I 



36 ELECTRIC LIGHTING. 

It follows from this mode of action that when a complete 
circuit is closed near the battery, the current at first * ts * 
from the two poles of the battery, and produces its effect 
the centre of the circuit last; so that at the first instant one- 
half of this circuit is traversed by a positive charge, and t^| J 

other half by a negative charge. But this takes place only 
when the circuit is wholly metallic. If the earth is inter- 
posed the positive charge traverses the whole length of the 
wire, for the negative charge is then completely absorbed by 
the earth. ■ 

For a long time it was supposed that the charge of a circuit 
was in a manner instantaneous, and that it had its limit of 
velocity only in that of electricity itself, a velocity which was 
believed to approximate to that of light ; but a deeper study 
of the mode of propagation of electricity showed that this 
was far from being the case, and that, in fact, properly speak- 
ing, there was no such thing as a velocity of electricity, but 
rather a period of electric fluctuations during which each 
point of the circuit incessantly changes its electric tension. 
Hence we were led to assimilate the propagation of elec- 
tricity to that of heat, and for the first time were able to form 
a clear conception of the effects of electric transmission on 
our long telegraphic lines. 

It was in 1825 tnat tne illustrious Ohm made the dis- 
covery upon which he founded the theory which bears his 
name, and which modern discoveries have only served more 
fully to justify. Nevertheless, this theory was not at first 
received by the scientific world with that favour which its 
author had a right to expect ; he was on account of it even 
subjected to a persecution that compromised his position as 
professor ; and it was only ten years later, when Pouillet had 
arrived at the same laws by experiment, that people began 
to revise the sentence they had pronounced against Ohm 
and to appreciate the merit of his discovery. Yet while 
adopting the formulas of the illustrious mathematician, 
physicists were, until the year i860, unwilling to accept the 
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nothing but the result of the tendency to equilibrium, from 
one end of the circuit to the other, of two. different electrical 
states, determined by the action of the battery, and repre- 
senting, therefore, the two different temperatures of the heated 
bar. This variable period must no doubt be excessively 
short on account of the subtilty.of the electric fluid, but 
with circuits of great length and with those formed of bad 
conductors it may be measured, and this, in fact, Gaugain 
found by experiment He thereupon investigated the laws 
of the transmission of the current during this variable period, 
and, among other laws, he found that the time required for 
a current to attain its permanent condition in a circuit, that 
is, to acquire all the intensity of which it is capable, is pro- 
portional to the square of the length of the circuit. This had 
not only been foreseen by Ohm, but had even been mathe- 
matically formulated by him in the equation representing 
the tensions of the different points of a circuit during the 
variable period of the current's intensity. 



THERMO-ELECTRIC GENERATORS. 



The thermo-electric piles invented by Seebeck in 182 1 
had for a long time been regarded merely as generators of 
great constancy, capable of being very advantageously used 
in scientific experiments, but incapable, on account of the 
weakness of their currents, of being applied in practice. 
But the application which, some years ago, Marcus made of 
the considerable thermo-electric power of metallic alloys, * 

* The discovery of the great thermo-electric power of metallic alloys was 
made in the first instance by Seebeck, who even mentions the alloy of anti- 
mony and zinc as one of those which might be most advantageously used ; 
but these thermo-electric systems were not applied until ten years afterwards, 
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sufficed to convince him that the problem might one day be 
solved, and this, in fact, is what we now see. In order, 
however, to arrive at a result so important as that which we 
have stated, Clamond had to devote himself to a great 
number of experiments and numerous investigations, and it 
was only after nine years had passed that he was able to 
solve the problem completely. One of (Diamond's piles, 
arranged nearly like a heating apparatus, and having its 
dimensions not greater than 1*50 metres in height and 80 
centimetres wide, is now able to supply three electric lamps, 
each equal to from 15 to 20 gas-burners, and requiring for the 
whole expense of the supply of electricity, the burning of 
only 9*s kilogrammes of coke per hour. It will be seen that 
this is a considerable result, and the more important since 
an apparatus of this kind does not require the attention of a 
mechanic or skilled workman. The apparatus may be placed 
in a cellar and so arranged that it may be used as a heating 
apparatus, and any person is able to work it, since it needs- 
only to be heated like an ordinary stove. 

But let us state on what principle this ingenious apparatus 
is founded. 

If pieces of two different metals are soldered together by 
one end of each, and the soldered portion be heated, the 
movement of the heat takes place differently in the twa 
metals, and gives rise to an electro-motive force which supplier 
an electric current that may be collected from the free ex- 
tremities of the metals. The simple metals, the junction of 
which affords the most marked thermo-electric effects, are 
bismuth and antimony ; but, as we have already said, alloys 
and certain metallic minerals give effects much more power- 
ful. At first Clamond's pile was made of bars of galena 
soldered to plates of sheet-iron ; but he soon had to abandon 
the use of galena, and he resorted to an alloy composed of 
antimony and zinc, while still retaining sheet-iron as the 
electro-positive plate. By arranging these elements in a 
ring, placing several of these rings one above the other, 
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" i°. Of a collector, which is a scries of light pieces of cast iron 
of such shapes that they present a succession of canals in which 
circulates the heated air supplied by any source of heat These 
pieces present a very large surface to the motion of the hot gases, 
which leave them at a temperature but little removed from their 
own ; they store up the heat which they afterwards communi- 
cate to the couples. 

" 2°. Of '^diffuser of the caloric forming the outside of the appa' 
ratus, and made of metallic plates, presenting a considerable sur- 
face for the circulation of the surrounding air. 

" 3°. Of the thermo-electric arrangement properly so called, 
which is placed between the collector and the diffuser, so that 
the opposite series of junctions participate in the different tem- 
peratures of these two organs. The flow of heat takes place 
from the collector to the diffuser through the couples, parallel to 
their length, and without appreciable loss of .heat by the lateral 
surfaces, thus realizing the maximum amount of transformation 
of which the substances used are capable." 

These several plans have been realized in the apparatus 
represented in Fig. 6, the arrangement of which also admits 
of being varied. 

In this apparatus* the collector is formed by a cast-iron cage 
top, arranged nearly like a stove for smoothing 1 irons, 
underneath which is the fireplace f, wherein coke is burnt. 
This cage is so formed that the current of hot air which is to 
supply the heating effect, after having thrice circulated about 
the apparatus by means of the chambers top, escapes by 
the draught chimney a, and may, by means of stove-pipes 
properly arranged, be used to warm a room. Externally this . 
cage forms a polyhedric surface of many faces, on which the 
thermo-electric piles c are arranged in rows as shown ; and 
upon these rows the diffusers d are applied. 

The diffusers are made of plates of copper arranged like 
the leaves of a book, and are soldered on flat bands of the 
same metal, which by means of screws are pressed firmly 
against the rows of the thermo-electric couples. These 
plates, by the large surface of contact they present to the air, 
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The thermo-electric elements are, as we have seen, arranged 
so as to form rows, and they appear as shown in Fig. 7. The 
negative elements, instead of being made of small elongated 
prisms of alloy "{antimony and zinc), are re- 
duced tolittle almost cubical blocks, 3 centi- 
metres square by 2 deep. These little cubes 
are connected by plates of tinned iron bent 
like the letter Z, as in Fig. 8, and having their 
ends soldered on the opposite faces of two 
adjoining element.". The plates are locked 
into the joints formed by the juxtaposition of 
the cubes, and in order to avoid metallic 
communication they are covered with asbestos 
paper. The parts of these plates which are 
soldered into the cubes are, moreover, cut so 
as to form a kind of teeth twisted helically, 
Fro. 7 tQUS • nsurm 8 good contact with the alloys to 

which they are soldered The construction of 
the rows is, however, very easy, for they can be cast at a 
single operation of any desired length. In order to do this 
it is necessary merely to place between two cast-iron rules 
the series of sheets of tinned irons 
bent into the Z form, and to cast the 
alloy over the whole; the parts of 
the plates covered with asbestos 
paper separate the elements without 
further trouble. These rows, pressed 
between the collector and the dif- 
fuser, from which they are suitably 
insulated by a covering of asbestos 
paper, as shown in Fig. 9, can be connected together by their 
free extremities, so that any desired connections and combi- 
nations may be effected. 

Clamond has constructed two patterns of this kind of pile; 
one, which has for some time been at work at No. 25 in the 
Rut Saint Ambroise, lighting a workshop ; the other, which 
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MAGNETO ELECTRIC GENERATORS. 

The method of generating electricity by chemical action, 
and especially by the oxidation of zinc, is, as will presently 
be seen, extremely costly, and if this were the only way of 
producing the electric light, that method of illumination 
could not be entertained ; but it is not the only way, for, 
thanks to the powers of induction, 
generators of the light have been 
formed which require nothing 
more than motive power, and this 
brings the production of electri- 
city to the matter of a greater or 
less consumption of coal, which 
is of all chemical reactions the 
simplest and cheapest In this 
respect the results obtained have 
exceeded all expectations, and it 
may be said that if the solution 
of the problem depended only on 
F|G ' '°- the production of electric action, 

it has now been almost realized; for, light for light, the cost 
of illuminating in this way would be ever so much less. But 
the question is, as will be seen, much more complex, and until 
we have treated it from the various points of view that re- 
quire to be taken into consideration, the generators founded 
on the effect of induction will engage our attention. 

History of the Question.— When a voltaic current cir- 
culates spirally round a core of iron, steel, or any magnetic 
substance, the latter is magnetized, and, with certain mag- 
netic substances possessing, like iron, a non-persistent coer- 
cive force, this magnetism disappears as soon as the current 
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one to foresee a priori, and that was that the current is 
merely temporary, for it ceases immediately, giving place to 
another current equally transient which shows itself at the 
instant the magnet is withdrawn from the coil. This latter 
current has its direction opposite to that of the former, and 
if the direction of these currents be compared with that of 
the magnetic or voltaic current which gives rise to them, it 
will be observed the directions are the same for the latter 
current and opposite for the former. Hence the name of 
direct current given to the current which shows itself in the 
second case, and the name of inverse current given to that 
which is produced in the first case. Thus the mere approach 
of a permanent magnet to, and its recession from, a spirally 
arranged circuit give rise to two opposite instantaneous cur- 
rents which are distinctly separate. 

These instantaneous currents may, however, successively 
appear one after the other, from one and the same movement 
of the inducer or of the induced circuit, if this movement is 
successive ; for at each stage of this movement there is pro- 
duced a differential induced current which continues the 
action of the former, and all these currents joining one to 
another may give rise to a current of appreciable duration, 
which may be in one direction or the other, according as the 
movements succeed each other in the direction of approach 
or in that of recession. This current, however, is feebler at 
any given instant than that which would result from the 
■same total movement suddenly effected through the same 
space. We shall see farther on what is the effect of quicker 
or slower movements with respect to the nature of the in- 
duced currents developed by them ; but here it may be stated 
that quicker or slower movements through the same space 
affect only the tension of the induced current. 

' When these principles were once recognized, it only 
remained to mechanically combine the different elements 
producing these temporary currents, so as to rectify them 
and cause them to succeed each other without interruption. 
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the ends of the induced wire, that is to say, of the wire of thg 
electro-magnet, are connected with a commutator for revers- 
ing the poles placed on the axis of rotation of the system, 
the two currents traverse the circuit always in the same 
direction. Such are the magneto-electric machines, the 
original type of which is represented in Fig. 12, but their 
arrangement has, however, been varied in many ways. It 
is these that have given birth to the powerful machines 
which in recent times have astonished physicists them- 
selves. 

While some were making the magneto-electric machines of 
which we have just spoken, other physicists and mechanicians 
were setting up new forms of them, by availing themselves of 
the inductive effects of voltaic coils which allowed induced 
currents to be obtained without the necessity of turning any 
machinery. Such coils being placed within the coil intended 
to supply the induced currents, could play the part of mag- 
netized bars, since, as Ampere showed, they constituted dy- 
namical magnets ; and in order to obtain the effects produced 
by the approach or recession of the inducing coil (that playing 
the part of a magnet), it sufficed to place in the circuit an 
automatic interrupter of the current. By the year 1836 Page 
in America, Masson in France, and Callan in England had 
in fact constructed machines of this kind, in which the in- 
duced currents could be thoroughly studied and their character 
determined; so that it was established with certainty not only 
that induced currents possessed high tension, but that under 
certain conditions they were able to produce some effects 
resembling those of static electricity. These pieces of ap- 
paratus, improved by Page, Callan, Sturgeon, Gauley, Masson 
and Breguet, Bachhoffner, Clarke, Golding Bird, Nesbitt, 
Breton, Fizeau, Ruhmkorff, Cecchi, Heardev, Bright, Pog- 
gendorff, Foucault, Bently, Ladd, Jean, Ritchie, Gaiffe, and 
Apps, were not long in becoming powerful generators of high 
tension electricity, able advantageously to supersede electric 
machines, and they constitute at the present day the most 
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of De Mentens, which have furnished such marvellous re* 
suits. 

Of these various machines, it is evidently those which 
call a motor into play that are applicable for electric lighting,, 
for it is in this form that electricity can be obtained under 
the most ecpnomical conditions. These machines will there- 
fore exclusively occupy our attention ; but before this we 
think some indications should be given of the laws regulating, 
induced currents, and of the different causes which concur for 
their production. 



THE DIFFERENT MODES OF GENERATING INDUCED 
CURRENTS, AND THE LAWS WHICH GOVERN THEM. 



Besides the induction effect which we have already ex- 
plained, there are many other causes capable of developing 
induced currents. Every action, the effect of which is to 
diminish or to increase the power of a magnet already acting 
on an induction coil may give rise to induced currents which 
will be direct when there is diminution, and inverse when, 
there is increase. This increase may result from the action 
on the magnetic poles of an armature of soft iron, and dimi- 
nution will result from the withdrawal of that armature. 
Again, if the pole of a permanent magnet be passed before 
an iron core surrounded by a coil, a double action will be 
produced : i°, a current which may be termed an electro- 
dynamic induction current, which will result from the successive 
passage of the spires of the induced coil before the pole of 
the inducing magnet, and which will be the more energeti- 
cally developed the more suitable precautions are taken to 
avoid the hurtful induction to which the parts of the spires 
behind those directly affected by the magnet are liable ; 2° % 
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,v%ich are continuous, are manifested duriUg. 
wni cl i *u A ;r HirefN«^ ^e whole period 
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that of this movement, but it always con *es Ponds ^ th / dc _ 

^^gnetization current, that is to say, with a cumQt in ^ 

same direction as that of the magnetic current of the core 

affected.* It is these currents which act i n the Gramme 

machines. The other reactions which were first discussed 

have given birth to magneto-electric machines of which the 

best -known forms are those of Dujardin, Breton, Duchenne, 

wh eatstone Bregue^ & c . ; but as these m acllin ' es have not 

produced effects sufficiently powerful to for m generators of 

electric light, we shall say no more about them 

Th / t e o a Sve et o° ther S ° UrCeS ° f i0dUCti ° n ^ch have pro- 
nged to give ongm to magneto-electric machines and of 
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ie induced wire would be expressed by a quantity variable 
o doubt with the machines, but which may, with the Alliance 
machines, be six times greater than its true value. It follows 
tien, that, taking into account this increase ot resistance, 
bis work is proportional to the square of the electro-motive 
Dree developed, and to the resistance of the external circuit, 
nd is inversely proportional to the square of the total re- 
istance of the circuit, and this leads to the conclusion 
hat the maximum effect is obtained when the resistance of 
he external circuit exceeds that of the induced circuit by 
he quantity with which this last must be increased in order 
hat Ohm's formula may be applicable to these machines. 

We shall not speak of the laws relating to induced currents 
)f different orders, for we shall have to concern ourselves but 
ittle about these effects in the machines used for electric 
ighting. But we must carefully study the influence on the 
nduced currents of the shape, the dimensions, and the com- 
>osition of the magnetized core, as well as that which results 
rom the speed oi the alternate magnetizations and demag- 
letizations. 

If it is considered that the power of electro-magnets is 
>roportional to the diameters of the magnetic cores, and to 
he square root of their length, it may be supposed that it 
vould be of advantage to make the iron cores of induction 
ipparatus the thickest and the longest possible. But as the 
ilternations of magnetization and demagnetization are pro- 
luced much more slowly with large iron cores than with small 
>nes, and as again a cylindrical metallic surface allows of the 
brmation of local induced currents which are developed to 
he prejudice of the induced currents themselves, some 
niddle course had to be sought for, and recourse was had to 
:>undles of iron wires or of juxtaposed thin plates of sheet- 
ron,the magnetic adherence of which is not sufficiently perfect 
o be equivalent to a continuous mass of that metal. This 
neans has yielded excellent results, as we shall farther on 
lave occasion to observe. 
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■f the axis of the bobbin, on which press two springs con- 
.ected with the circuit 

When it is wished to use cylindrical cores of iron there is- 
n advantage, in respect to induction, to form them of iron 
nbes, slit longitudinally, and to put two or three of them 
me within the other. In the large machines of the Alliance 
Company this plan has been made use of. 



Fig. 14. 

As to the more or less advantageous effects of quicker or 
lower alternations of magnetization and demagnetization, 
he question is complicated on account of the magnetic 
nertia of iron. According to the proportionality of the 
ension of the currents to the derivative of the function of the 
ime, one would suppose that these alternations ought to be 
.5 rapid as possible ; but the tardiness with which iron is 
nagnetized and demagnetized much complicates the effect 
iroduced, and it is observed that whilst slow interruptions of 



62 ELECTRIC LIGHTING. 

Lontin, Gramme, Siemens, &c. We shall of course begin 
with the Alliance machines, the earliest of all 

The Alliance Maetaines.-The comparatively powerful 
effects produced by the magneto-electric machines of vm 
and of Clarke at once suggested the idea of using ^ them ^as 
economical generators of electricity, and * was *°PV°** 
that by making them of a large size and driving them m* a 
steam-engine, not only might the cost of electncity wfcch * 
so great with batteries, be considerably reduced but ^curren 
of much greater regularity and constancy might * f T^ y 
By the year 1849 Nollet, professor of physics in J-^SS 
school at Brussels, proposed in fact to construct a Ctarke s 
machine on a large scale, and by introducing »»*""[ l 
provements which the progress of science and His o 
periments had suggested, he invented the machine wtac h 
now known as the Alliance Machi,*. Unfortunately his 
labours were arrested by death, when he was about to se 
his scheme, not indeed successful, for its success was not 
be immediate, but to see it submitted to practical tes *■ 
speculators, helped by rich and powerful persons, su ^ a r* 
indeed in floating a scheme, founded on Nollet's ^chines, for 
extracting gas from water. This was **£^™ 
that very reason it found adherents, and it was 1 me 1 jr 

then formed which, under the name of The ^ nce '^ "£ 
by the year ,855, i» buildings ^ng^ fa 

Invalides, the first large magneto-electric macnm 
Europe. Of course the results obtained were miserable, to 
say the least, and in 1856 the Company was compelled to 
go into liquidation. . . 

It was reorganized some time afterwards, and having ap- 
pointed Berlioz as its manager, it endeavoured to prom _ oy 
the considerable materials it had formed- l wa3 m ^. 
suited, and indicated to Berlioz the »PP lication wni f n ne 
could make of them to the d ectric ligbt and to electro- 
plating. But for that purpose many improvements had to 
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een coils are placed on a bronze wheel provided with 
able receptacles and fastening^collars by which they are 
•ngly clasped. This arrangement, which for brevity we 
11 call the disc, revolves between two rows of horseshoe 
jnets, fixed parallel to the plane of the disc on a particu- 
kind of frame constructed of wood only, at least in the 
nity of the magnets. Each row contains eight magnets, 

thus presents sixteen poles at uniform distances .apart, 
is there are as many poles as coils, and when any one of 

latter is opposite a pole the remaining fifteen are in a 
\ position. 

)ne machine may have several discs mounted on the same 
*, with several rows of magnets fixed on the same frame. 
i number of discs does not usually exceed six, as the 
chines would be too long, and it would be difficult to 
id flexure of the axle and the frame. It should be borne 
nind that the coils must revolve as close as possible to 

magnets, but without touching them. At the present 
e nearly all these machines have only four discs, 
ng. 15 shows a general view of a six-disc machine, and 
. 16 indicates the manner in which each coil e is pre- 
ted before the poles a, b ; b", a"; a, b ; fr, <?, &c, of the 
erent magnets, which are so placed in the contiguous 
rs that a north pole may be opposite to a south pole in 
er to polarize in opposite directions the magnetic core of 
h coil. The ends of the wires of the coils are attached 
tat pieces of wood fixed on the bronze wheel, and on these 

coils may be arranged either for tension or for quantity, 
i the elements of an hydro-electric battery. One pole of 

total current is connected with the axle c, which com- 
nicates with the frame through the bearings ; the other 
e ends in a metallic collar, d c, concentric with the axle, 
i insulated from it by wood or ebonite, and these two poles 

connected with the external circuit by the cast-iron frame 
the apparatus, and by a friction-spring which, by means of 
rire, is in communication with a binding screw. 
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>f larger dimensions, which k^Jf^L'J^toed results in- 
- to those just mentioned. Neve H e i e ^ ^ were 
t up for the illumination of lighthouses 0n the Eng i ish 
t . It will be seen farther on by the tr la i s made . q £ng 
itself that of all the machines tried these gave the least 
ttitageous results, and we shall, therefore, say nothing 
e about them. 

glide's Machine. — Soft iron being, by reason Q f its 

a ter magnetic conductivity, capable of giving a much 

ater maximum magnetization than the tempered steel of 

ich permanent magnets are formed, Wilde thought that 

»re might be an advantage in employing as inducing organs 

•ctro-magnets instead of magnets, and that a small supple- 

sntary magneto-electric machine, actuated by the same 

otion as the induction machine proper, might be used to 

agnetize them. Reasoning in this way, Vie was led to the 

achine represented in Fig. i 7, which was trie starting-point 

r all the machines subsequently designated dynamo-electric 
achines. 

We shall, in fact, soon see that this small supplementary 
priming machine was unnecessary, provided the whole or 
part of the induced current were made to traverse the wire 
the electro-magnets. Nevertheless, Wilde's machine pro- 
ced very good results, and it was the first machine of 
all dimensions which was able to generate the electric 
ht ; but unfortunately it required a great speed of rotation. 
\s shown in Fig. x 7j thfa machine is COTOpo sed of two 
•ts, of which the upper one is in a manner a miniature 
,y of the other. The former is a Siemens . magneto- 
ctnc machine, with a m M f x 6 plates, between 

ose poles, m „, turns a Siemens , bobtin 0f already de- 
ibed on page 5 7 . Thig ^^ maclline is place d upon an 
a stage /, which serves as a connecting piece to the 
nches a b of the inducing electro-magnet, formed of iron 
tes wound round with thick wires, and terminated by the 
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As the machine rotates with a speed of from 1,700 to 
3,500 revolutions per minute, great heating is thereby occa- 
sioned, 1 was Decessa-ry to dispose within the pieces of 
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:ed in one of die coGs was used to auccou i rf r augment 
power of the inducing eiectro-!m^ I * et » *hfle the other 
I was utilized for the external work— Th>$ combination, 
sever, was, as we have seen, the ™«^ as Wilde's. It was 
irst expected that great advantages wooH result fiom this 
lngement, especially as regards die electric light, for it 
supposed that a working current so variable in its in- 
sity would, in consequence of passing completely through 
inducing dectnunagiiet, increase the effects of the varia- 
is in the ratio of the simple power to the square, since 
electo-magnetic forces are proportional to the squares of 
intensities of the current. But numerous experiments 
e made by Gramme and Lontin showed that there was 
utely more advantage gained bv causing the whole in- 
jd current to traverse the inducing electro-magnet ; so 
at the present day the original arrangement of Siemens 
been reverted to.and what is still more curious, a rather 
y controversy regarding this matter has been carried on 
.ontui, who thinks he discovered this kind of action.* 
. that as it may, Ladd's machine was in i* 6 ? reg3lded 
ie of the wonders of the Exhibiti A the small di- 

iion s of the apparatus were specially a rntter for surprise. 
iat period people were accustom!? , , wre machines 
J eS and of the All iance £"*«* the !**£ rf , to 
.ntimetres in length, 35 0r 'V^f a ™* C * d *° OT 3o 
pth, capable of producing a *^Zf ■' teO* e electric 
was really a matter for astonth * ^ Nevertheless, 
eat velocity of rotation that h ^ Jven to the 
ie , atid the large quantity f k * be grated, soon 
j th at the problem of the !l heat k g^^duction of 
tctr ic light was far from ha ec ° n °rnical P T ° d in this 
Hut the principle of the *£ n S been s<V tem was 

, as in nself an advance * !T " electriC te that the 

^> and we shall & 

X U\ *pP car ^f S , iemens had inv^ .^ultaneously 

jay- e R °yal Society ° 
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j, y the former in the .V«ww Ciment'j for 18** 7\U ,866?' 
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lover port are traversed by currents in p tecise ly die opposite 
ilirectioD ; bat as at the two points where die junction of 
these two opposite currents take place the circuit has a deri- 
vation by means of the rubbing pieces r and f, connected 
with the external circuit, they flow through this derivation 
united in quantity. 

Let us now examine what happens from the motion of 
these coils with regard to the magnetism developed in the 
ring, and in order to fix our ideas, we shall suppose that only 
one ann niar electro-magnet turning between the two poles 
x s of an iron horseshoe magnet is magnetized in such a 
manner that the system appears to be constituted of two 
semicircular magnets joined to each other by their similar 
poles, whence it follows that on the equatorial line, that is to 
.say, on the diameter perpendicular to the line joining the two 
poles of the inducing magnet, there exist two neutral regions, 
and it follows also that the magnetic coil is wound from left 
to right in one side of the ring, and from right to left in 
the other side- ^ ow * et us see wnat ^^^ place when coils 
of a short length, such as those previously referred to, are 
made to move before such a magnetic system, and let us 
follow, as before, the course of the short coil E, supposing 
the iron ring to be stationary. In leaving the neutral line 
on the right to move towards the point s, the coil will be 
receding from the resultant of all the magnetic spires of the 
right part of the ring corresponding with its neutral line, and 
there will be developed in it a direct current, as in the case 
in which, without a magnet ring, it is made to approach the 
pole s. When it has P^sed the upper part of the ring, i t 
will approach the resultant of the magnetic spires of the left 
part of that ring, and give rise to an inverse current ; but on 
account of the different direction of its winding, this current 
will traverse the circuit in the same direction as the first 
current, and it will t> e on ly at the neutral line towards the 
left that these effects will change. The coil will then be 
found to undergo the same reactions as those we have before 
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by their similar poles. There results in the middle of the 
system two consequent poles of great power, and it is 
between these poles, prolonged and curved, that the ring is 
enclosed, with its axle carrying die current-coHectors as seen 
in Fig. 19. 

In the first Gramme machines two nngs were used, one 
being reserved, as in I adds system, to excite the electro- 
magnet Bat, as we have already said, this ring had soon 
t<- be suppressed, and the induced current in its entirety 



was made to pass through the electro-magnetic system, by 
which the effects were considerably increased. Henceforth 
the machines bad but a single ring, but it was made of a 
large size, and, as shown in Fig. at, the ring itself, instead of 
being made of a solid piece of iron, was formed by a bundle 
of many iron, wires, as ra the voltaic induction machines. 

Fig. a 1 represents a section of this ring, and shows the 
way in which the different sections of the induced coil are 
wound upon it Tbe connecting wires a a a of the various 
sections are, as shown in the upper part of the figure, sol- 
dered to the plates R R . which are placed side by side round 
the axle of rotation, a° d constitute a kind of drum on which 
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the induced wire would be expressed by a quantity variable 
.no doubt with the machines, but which may, with the Alliance 
machines, be six times greater than its true value. It follows 
then, that, taking into account this increase of resistance 
this work is proportional to the square of the electro-motive 
force developed, and to the resistance of the external circuit, 
and is inversely proportional to the square of the total re- 
sistance of the circuit, and this leads to the conclusion 
that the maximum effect is obtained when the resistance of 
the external circuit exceeds that of the induced circuit by 
the quantity with which this last must be increased in order 
that Ohm's formula may be applicable to these machines. 

We shall not speak of the laws relating to induced currents 
of different orders, for we shall have to concern ourselves but 
little about these effects in the machines used for electric 
lighting. But we must carefully study the influence on the 
induced currents of the shape, the dimensions, and the com- 
position of the ixiagnetized core, as well as that which results 
from the speed ot the alternate magnetizations and demag- 
netizations. 

If it is considered that the power of electro-magnets is 
proportional to the diameters of the magnetic cores, and to 
the square root of their length, it may be supposed that it 
would be of advantage to make the iron cores of induction 
apparatus the thickest and the longest possible. But as the 
alternations of m agnetization and demagnetization are pro- 
duced much more slowly with large iron cores than with small 
ones, and as again a cylindrical metallic surface allows of the 
formation of local induced currents which are developed to 
t*ie prejudice of t^ e indu ced currents themselves, some 
n^iddle course had to be sought for, and recourse was had to 
bundles of iron wires or of juxtaposed thin plates of sheet- 
iron, the magnetic adherence of which is not sufficiently perfect 
to be equivalent to a continuous mass of that metal. This 
m eans has yielded excellent results, as we shall farther on 
have occasion to observe. 



\&ye occasion to obser* 



"S» t 



e <5 



eror 
Uion, 
;neti c 
[the 
>fthe 
lobe 
on is 
effect 
mis of 



is P">Pori io _, 

\ge°°J'«'th ."ton, 

_ u st S'»e the _, S<! Pa- 
^fAedevtf,^; 

» „tofP OUca «■ 
«* D l« : be,, ew J 
* iIe the mag„„ 

7 rf ith "V require 

c<"" es '"' ac «o„ 
' e ,ei, lh<! resi »"wc. 

■*&*&*• and s »on 
S '^aclii" e "™ot b. 
■"Vjucedhasthere- 

p ' e iving" K 'oan 

8 f that additional 
re G f the physical 
vale nt flf this kind 

act' " machines in 
'-elec^'f ^chines. 
D-ekctr' c oa mely, to 

to stutV'^jod which 
Its, the P ^ucing cir- 
! of an "* nd ho* 
;d cnrre n ' t phases 

the diff* ' eie so™ 
on have "7 „ e shall 
«,of,vl" C 



* „ E^MC m/C LIGHTING. 

C>2 

Lontin, Gramme, Siemens, &c. We shall of course begin 
with the Alliance m achines, the earliest ol au 

• 

Tlie Alliance Mi»eliines.— The comparatively powerful 
effects produced by the magneto-electric machines of Pi xii 
and of Clarke at once suggested the idea of using them as 
economical generators of electricity, and it was supposed 
that by making them of a large size and driving tbem with a 
steam-engine, not only might the cost of electricity, which is 
so great with batteries, be considerably reduced, but currents 
of much greater regularity and constancy might be obtained. 
By the year 1849 Nollet ' professor of physics in the military 
school at Brussels, proposed in fact to construct a Clarke's 
machine on a large scale, and by introducing into it the im- 
provements which the progress of science and his own ex- 
periments had suggested, he invented the machine which is 
now known as the Alliance Machine. Unfortunately his 
labours were arrested by death, when he was about to see 
his scheme, not indeed successful, for its success was not to 
be immediate, bnt to see it submitted to practical tests. Bold 
speculators, helped by rich and powerful persons, succeeded 
indeed in floating a scheme, founded on Nollet's machines, for 
extracting gas from water. This was a mad notion, but for 
that very reason it found adherents, and it was the Company 
then formed wl« cl1 '. under *£ name of The Alliance, set up 
by the year jS55> in hidings belonging to the Hotel des 
Jnvalides, the first large magneto-electric machines known in 
Europe. Of course the results obtained were miserable, to 
say the least, and in 1 56 the Company was compelled to 
go into liquidation. , 

It was reorg^** x:ze its S ^ me tiu ^ afterwards, and having ap- 
pointed Berlioz ^ ateri 2 n * ger ' h endeavoured to profit by 
the considerable , s ^ had formed. I was then con- 

sulted, and tadi^f; \l ^rlioz the application which he 
could make of *** h ^ th ^ electric light and to electro- 
plating. But for Purp 0se many improvements had to 
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Sixteen coils are placed on a bronze wheel provided with 
suitable receptacles- and fastenin gr collars by which they are 
strongly clasped. This arrangement, which for brevity we 
shall call the disc, revolves between two rows of horseshoe 
magnets, fixed parallel to the plane of the disc on a particu- 
lar kind of frame constructed of wood only, at least in the 
vicinity of the magnets. Each row contains eight magnets, 
and thus presents sixteen poles at uniform distances .apart. 
Thus there are as'many poles as coils, and when any one of 
the latter is opposite a pole the remaining fifteen are in a 

like position. 

One machine may have several discs mounted on the same 

axle, with several rows of magnets fixed on the same frame. 
The' number of discs does not usually exceed six, as the 
machines would be too long, and it would be difficult to 
avoid flexure of the axle and the frame. It should be borne 
in mind that the coils must revolve as close as possible to 
the magnets, but without touching them. At the present 
time nearly all these machines have only four discs. 

Fig. 15 shows a, general view of a six-disc machine, and 
Fig. 16 indicates the manner in which each coil e is pre- 
sented before the poles a, b ; B w , a"; a , b ; #, a', &c, of the 
different magnets, which are so placed in the contiguous 
rows that a n or tl* _ P ole «*ay be opposite to a south pole in 
order to polarize m opposite directions the magnetic core of 
each coil. The en< l s 5 >f the wir ^s of the coils are attached 
to flat pieces of %vood fixed on the bronze wheel, and on these 
the coils may X>& ^f Tk , eUher for tension or for quantity, 
like the elements o* an hydro- electric battery. One pole of 
the total current * s £^ ecte <* with the axle c, which com- 
municates with *** tallic 4£ r rou S h the bearings; the other 
pole ends in a m uar, D c> concentric with the axle, 

an d insulated fro»£ th / *<** or ebonite, and these two poles 
are connected wit i ternal circuit by the cast-iron frame 

of the a PP^atus, ^y a f ncti by ^ of 

a wire, is in corn^^ "o n Wlth a w ^ 
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rnnoer /, which separate the polar pieces t x, a channel 
thrmTRhwhichacurr^m of cold water was tnade to circulate. 
The commutator of the apparatus is placed at the end of 
he axle of the coil, from which the currer/c is collected by 
means of two springs pressing against it. The bobbin turns 
also in bearings placed in the cross pieces f, which support 
it at its extremities, and suitable lubricating apparatus con- 
stantly supply the rubbing surfaces with oil. 

Under the influence of the movement given to the mag- 
neto-electric machine m, the induced current excited in the 
armature o presents itself at the two binding screws p g y 
which are connectea with the two ends of the wire of the 
electro-magnet a b, and the bobbin turning in f supplies 
the induced currents required to produce the light. 

Although this machine has been used in the illumination 
of one of the Scottish lighthouses, it is to electroplating that 
it has especially been applied, and at the present time it 
does not appear to us that it could have competed with any 
of the new machines. A long description of it is given in 
our Exposk des applications de rekctricitk tome IL, p. 226. 
Of course the "bobbin of the magneto-electric machine re- 
volves with a less velocity than the bobbin of the dynamo- 
electric machine- 
In another arrangement of a machine of this kind-less 
generally known, doubtless, on account of its greater bulk- 
Wilde mountea ^ senes of Magnetic cores, surrounded by 
induction coils, *>** a *J u " on dl sc revolving in front of powerful 
electro-magnets ^ ^^tatT^* 1 ° f a second induction machine 
set apart for the ^^f^ * 1 ° f the in <*ucing electro-magnets, 
he borrowed som^ <> .^ s own coils from the induced system 
itself. But two r^^ S Co ^rnutators were always required 
to rectify the two ^ ^ <*. and it i s by Utfle m ore than the 
suppression of ***? ^ whi ^ tators that the Wallace Farmer 
^d Lontin macbj £ ^ crx We shall presently study, are dis- 
tinguished from W m ' " is curious that this machine did 
n ot at once attr**^ attention, and that it should he 
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<iuced in one of *lie coils was used to successively augment 
the power of the inducing electro-magnet, while the other 
coil was utilized for the external work. This combination 
however, was, as we have seen, the same as Wilde's. I t Wa g 
at first expected that great advantages would result from this 
arrangement, especially as regards the electric light, for it 
was supposed that a working current so variable in its in- 
tensity would, in consequence of passing completely through 
the inducing electro-magnet, increase the effects of the varia- 
tions in the ratio of the simple power to the square, since 
the electo-magnetic forces are proportional to the squares of 
the intensities of trie current. But numerous experiments 
since made by Gramme and Lontin showed that there was 
infinitely more advantage gained by causing the whole in- 
duced current to traverse the inducing electro-magnet ; so 
that at the present day the original arrangement of Siemens 
has been reverted to^and what is still more curious, a rather 
lively controversy regarding this matter has been carried 
by Lontin, who trunks he discovered this kind of action.* 

Be that as it may, Ladd's machine was in 1867 regarded 
as one of the wonders of the Exhibition, and the small di- 
mensions of the ^PP™ S were specially a matter for surprise. 
At that period people were to ^ne. 

of Holmes and of **Al hance Co., and a machine of 7 o to 

in depth, capable of producing a relatively intense electric 
Itf* ™ ««r - «- *. T nUhmet 'Te^S 
the great velocity OI station that had «.„ k • ^ *fcl 
machine, and tfa«* lar * e quantity of J? ° * ^ 1° ** 
showed 'that tb- I> roble "> of «£ °^ * generated, soon 
the electric light ^as f„ f h ^ n °^al production of 

r u, 1. .1. principle of *u ^ avin § been solved in this 
way- But the P ri ** ^ ut the dvna^ 

„«i*h • ^<5€?lf an adu ynari *o-electric system was 

regarded as in itsc ^ a vance a^^ ^ .u« 

e ' an <l we shall see that the 

• It would appear tli*** ^ iem en s had 
with Wheatstone, and *^ d illln ounced it to ^ d his apparatus simultaneously 
the same day. he R oyal Society of London on 
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In order that *he arrangement might mOi^e the more 
powerful effects of the ekctrtHnagnet when it ac ts like a 
horseshoe magnet, and that the inducing force might not be 
divided, the two ajnmatures were arranged in such a manner 
that when the iron parts of the bobbin a were opposite the 
polar armatures, trtie same parts of the bobbin J were in a 
perpendicular position, and therefore in that position in which, 
leaving the polar armatores which had acted on them, the 
direct induced currents were produced. 

Of course the two bobbins were set in motion by two 
belts passing over the same drum. 

With the machine of the small dimensions, shown at the 
Exhibition of 1&67, the current transmitted externally was 
equivalent to that from 25 or 30 Bunsen cells. It was able 
as we have already stated, to supply — somewhat discon- 
tinuous^, it is true — one of Foucault's medium-sized electric 
light regulators. 

Gramme's Machine* — The Gramme machine, of which 
so much has lately been heard, and which has produced the 
most remarkable results, was originally contrived, so far at least 
as its general arrangement goes, by Paccinotti, of Pisa, and 
Worms, of RomiUy, as is proved by a description published 
by the former i** the &wvo Cimento for 1 860, and by a patent 
taken out by *e latter gentleman on the 3rd March, 1866 * 

It was, in fa- ct > ° nly m l8 7o that the Gramme machine 
was constructed > bu * the principle of the combination of 
currents in this machine was quite different from that em- 
ployed in the t^° wmch Preceded it, and it is for this reason 
that the one h^ ff^n unlooked-for results, while the others 
have remained lf ^ l p te of ordinary machines. We shall 
here, therefore, begi n ° u *selves with only the Gramme 
machine, which * es the best known at the present day 

of all dynamo-el^ cl lc Machines. 

. Sec the descrip ^ machine i n m p ( ^ applications de 

filtetrieiU, f. //■* * " r 
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in a circle. 

ri «R was used, surrounded transversely by 



r&t - thlS led to their arrangement 
y ^O tC \ e *° ir ° n ring was used > surrounded tr; 
^\^(° \^ com P le tely covered it, and subjected w ^ 
' V*^ ' 1 ** ( #P mducing magnet, simply magnetic at first, but 
1 && % fi °\ s electro-magnetic According to the effects ex- 

V d&\s4l ' V ? age 54, continu ous currents should be obtained 
* ^*>> -& ° commutator. tlwv ^irA^nn Hpnendiner on the 



&*:*& 



commutator, their direction depending on the 
* vement. But it was soon noticed that opposing 



\0^ syO-* wnO^"*^"^ AJU| - it was soon nouceu tiia.i ^^^^- — o 

VjSxV v a xi X fC xt P Toduced > and this led to the division of the 

Q \^ ^ i&tiP* the rin S -^to different sections, so that these 

*aG&° i>**° c o^ bined Uke ^ cells of a battery, and that the 

cffi *t ^ po werful Educing electro-magnet might be made 

iced? ct*\ them. Under these conditions it was, in fact 

pcA e * t <&9° Q place on the connecting wires of the several 

- a ° y^e t f the coil, derivation wires communicating with 

^- . l ^6 ° ^ged round a circular drum, on which pressed 

e ct v ^r^ t0 collect the current, and these springs, being 



^ te 6 pti°£ v placed in the position of a derivation betwe ^ 



oO* 5 * ,^6 ° ^sed round a circular drum, on which pressed 
v _ u o> ^ r r^ & - - - • — *— ;~" 

:«» ,VvS *', venerators joined by their similar poles, would 

\tv l e c\^ V ° current into the circuit without the necessity of 

l *'° s t*> lt Lns, and Uievefore without the use of commu- 

tta v ^ ve ?his * as a ver y ha ppy idea > and in il is contame 

to* s - e of Gramme's invention. We shall presently see 
l ^ e ess^ be en applied to nearly all the new dynamo-electric 



■^t » k* 3 ^ith continuous currents, a fact which proves 

" \\fl 
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^P otta °ffects produced in the Gramme invention are, how- 

Tk e e ^ pW hat complex, and are connecteo with se \ e 
q0#* c . • n r i • * , ;* the action 

e ver> * , e principal of which, as we have seen, is w* ^ 

caUSeS ' nag^ et ^ c poles on tVie several s P ires of lhe U u f r om 
of * e ^ ut this action is itself double, for it may * esm ^ f ^ 

- a g e of the coils before these poles, as well 
the P a ^alagous to a displacement of these along * *~^ 

CU °. ..UrivA^ ;« \tc AifferoTit Tx^^tc r .et us ft rS . * 



: • ^ tmb rr" " x r ; "T ' , a well as from 
c ° Passage of the coils before these poles, as *ei ^ ^ 

the V ^ ^alagous to a displacement of these au» &^ ^^ 
gently poized in its different points. Let »*^ ^ 
d f. former effect, referring to Fig. 2 o, which ** ^ 
onts the outline of a Gramme machine, ano 



rep* e 



;S ents 



z_^sr:^: '^sr^** 



Lrer P»t ae tr^nexsea by cam** m P«»jF *&* opposite 
] £Z£ntot** ar the two pons wtoe &« junction ^ 



^*V extend circuit, they Ao* through this dowadon 

"^Let us «>* r"""* 1 * wbat taW 015 ftom thc ™otion of 

hese coils with regaid to thc magnetism developed, m the 

t V C _ ld ^ orfer to fix oar ideas, we shall suppose that only 

TWKf annular etectxe^nagnct turning between the two poles 

f an i* on l* * 55651106 ma g net » magnetized in such a 

**.-»•* the svstem appears to be constituted of two 
manner tnax *« . r f m m 

* " cular mag riets J omea to each other by their similar 
hence it follows that on the equatorial line, that is to 

^ . .-, diameter perpendicular to the line joining the two 
say, on roc *-*-■" _ _ 

poles of the inducing magnet, there exist two neutral regions, 
d it follows also that the magnetic coil is wound from left 
to right in one side of the ring, and from right to left in 
the other side. ** ow let us see ^^at takes place when coils 
of a short leng** 1 ' suca ^ those previously referred to, are 
made to moves beiore such a magnetic system, and let us 
follow, as t>efore, the course of the short coil E, supposing 
the iron ring to ** stau °nary. In leaving the neutral line 
on the rigkt *° move towards the point s, the coil will be 
receding from tixc resultant of all the magnetic spires of the 
right part of 1* c ^ g corres P<>nding with its neutral line, and 
there will t>e developed in it a direct current, as in the case 
in which, witHo^t a magnet ring, it i s made to approach the 
pole s. When ** nas Passed the upper part of the ring, it 
will approach t* e ™*™ of the magnetic spires of the left 
part of that rin ^- J er glVe nse to ar * inverse current; but on 
account of the d»n rent direction of its winding, this current 
will traverse tto« : r £ u * in the same direction as the first 
current, and i* ^ * ° nl y at the neutral line towards the 
left that these el ts will change. The coil will then be 
found to undergo s *me reactions as those we have before 
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FAMOUS GENERATORS ^ frjch &?§ p *> 

press the two springs of the col^ ct °fj f/ 5U #P0l V & 

a sort of brush of metallic wires frf /# Jig, ^ "^ ^ 
be observed on the right of the ri & Q f e h Q ^5 ' ^ ^ 
plates are, of course, separ ate j u y layC* 5 % ' 7, ^ ^ 

to insulate them electrically J n the ^ Ure tk % *V^ 
electro-magnets are placed v • ^ nt xl\V & tl * ii^ ° t( $K. %. 
bottom of the machine, an d * on ^<* S ^<£^ 
the metallic pieces «nO* polar erpMfcL t 0p \^ 



same time as supports to t ^ ^ing the ring, Se a re s< ^ ^ 
and to the binding screws f stems oi the ruKi . » a t n -^ 
Gramme machines of th e j *^ e induced circuit '^ P' e o ^ 
<55 centimetres long, 4 r c e J*? 1 Pattern are JitM ' ^ 

metres high ; they weigh i; s . }*■ metres wide C ^e t^ 
power, giving a speed <* revo,,^-^,,^ ' * nd 5o ce n ?-** 
they yield an electric light J Utf «o of / ,and *»h 2£hor«= 
Carcel lamps. e ^^/ fe ^ *o t Urns pef mfnu ^- 

We shall presentlysee that g Indies or a 7 «^ 

system of 'machines to supp] v atlittl ^ha.s 

and so arranged that the act rre,lts a i s truc tedanort-»er 
divided and made to yield currg' 011 °f th e Qate, y reveirS< ^« 
This arrangement enabled the in* ' n s ev ei - ^^ine "".^^.v*^- 
^Q*fr» by Jablochkoff candles l U >aW distinct **?**** **" 



We shall not speak of other f ° be <**ti * * * e *"' v 
except in the chapter on the "^ °* vW° Ut ' ^0^ £^*^* 
light All the necessary detail <T Ppll <^.v\ ^ taxMfte ^^V*"^ 
ever, be found in Fontaine's 1* S **8^* Ql ** <* 4# - 

Schuckert has somewhat mod« ^^ \$p JTyf 

by employing a flat ring, and by^? *W ^ J W 

the electro-magnets on the laterr* aw^tv^* 8 * £ £ 
of on the cylindrical part ; b ut L5*^» J^ ^ '/ - 
alleged increase of power which yTL^ ****fe V W J 



arrangement is real, and the ma^f? "^^J^^ ^J^ <0 



a copy of the French invention. ^^ ^T^^vWsk 

We may say th e same of a mst<=lli *^*** * 

in which the ring ; s so arr « — 




cr fic Licarjira. 
-X' but this machine produces alter. 

-— The machine of Siemens and 
^ ^#-** se nted in £ig- 22, which has in com- 
'^^l 7 * ^,ade in England furnished the best 
*\ — *^., nearly the same principle as that of 



^"* t- it apP 61115 to ^ e merely a 

, , , ,Jfi -i evstevn of Siemens, that 

16 although a , fint ^ c oH J otint he machines of 

■nd of lid?" '*» ^ V* Je &*»*«. » d » t ° n ™' i 
-'"S'hetrt ln *^ fl^vhich, parallel to >» 

wo„„ d ™"de t of ' *#, ° f ^ c(B «ctedfo,te»s«», 



on 



n the same axle as the cylinder- 

as in the Gramme machine, there D r 

metallic wires, which transmit the curre 

machine. This cylinder is surrounded by 

of a dynamo-electric system through whicl 

current is passed, and these semicircular pc 

certain number of slits in order to facilitat 

tions. The branches of the eIectro-magn< 

by plates of iron wider than they are long, 

by pieces of iron, which serve as a frame to 

form its pillow-blocks. 

Finally, inside of the copper cylinder i< 
the poles of the inducing magnet, an iron 
nated by arched plates of the same metal w 
kind of armature for the inducing electron 
ably reinforce their power. 

Under these conditions the induced cm 

the dynamical action which we have explai 

that is to say, to the movement of the g a l va 

before the inducing poles, only, the two pol< 

act simultaneously on each coil ; and as thi 

takes place on the opposite parts of these < 

current has necessarily a contrary direction in 

axis of figure, the two effects concur i n # 

The change of direction in the currents is, how 

in the same manner as in the Gramme machin 

of the interpolar space, and it is there that tl 

of the collector are applied. It will easily I 

that currents of polar inversion count for n 

machine, and, as I have said, the iron framewoj 

by reinforcing the electro-magnetic action. 

necessary, it may be dispensed with; and t 

distinguishes this system from that of Gram 

the latter the iron ring, besides being useful 

inductive action, serves as a framework for tf 

the coils. 



rf™ <«. tvJi*"^. the brush rubbers, 

*<v«.*hich b» a ^ 'went, are carried 

f$& and by a c h e '"'"nation in one 

^rfS to be obtained ° f the wiles «««« 
y tamed ln ,. ithet dircction at 

tntn ft "* f0tm of tnis machine, 
he r,v ■ P T<i «atI>g, resembling 
™*V»«1 laboratory. Th . 9 J 
ton the machines by the same 
„ ' tVlat « shatt describe farther 
=*>? to understand how so small a 
*» so powerful. 

* a W»atus represented in Fig. 13 
tuehave just described, except that 
;*'VVI* V <«*"*' ™stead of horizontally, and 
,V <P c * A j4 of being provided inside with a 
tf&^yp . ^ . as armature to the electro-magnetic 
'** \* * ,\, ,-C * „ a cjiindet formed of a bundle of 
""rfft- "mo* a" * < ol»* m4,1 '*ton machines. These 
> *o» ° S 0** .s ° l araiat"' 6 ' at the same time increase 
°t. w ^e c0 ' \s * Ave *«*>, as in the machines of 

f„,,chine of the form oi** „„ eto-elecnic 

»„ e curren.s foIm ot 1»« „ , te 

Siemens has also consW<* ed &e same co»4* f •„ 

£i„g efeetro-nfa^ttng ftom ^J*£*f •* - 
i„,r..«d from ^ n , * the,ea< *0*2i * * 
frara e. as broan a * h - «»4 »>»*, «* rf lbe«- 
ff ,ch.n= has al so ^ the , B o[ ^^ 

° tt «n-Utatot''' 






We !Herlt«ns* Machine. To Svirt 

electric candles lighted by this ma-ct^i ^ 
the most powerful magneto-electric 
motive force. It can, in fact, witH 
ceeding i horse-power, maintain 



/7 eed of tft0t ; ^out requiring otx the part 



] 




n °t seer r? l " s ; ut the light 

-ram^f ° P°™erful as that 

me w^achines; and until 

relative power of this 



tflfr 



tie 



i tW\s machine is 
. , c sUttvated. inw ieve tse4 

oerator cannot be defiffltfW , t w Mfotvce.g^ 
^^ffneto electric. a*> -a ,., v.*Oi v «.„» it I 



otity 



fL a <rneto electric, anrt va A,«tO* v offprt \t te<\ ulKS 
^nts; but to ^M lke T *** * t.rfB^ 
f Jlevard magnet* °* UCe ** ft ** ^ * V^' t 
Motive power. * S^ 5 *^ <* **' #^ L&* *f 
The ,dv ant -h at . s pe ^tf **** 

fr om the fact t hat ^ *fr ects ' o{ &^& *° 






ring of the Gramme ^ AC ^ in ^f^J^^ f° 

in L ordinary ^^K^SS** 
In order that xt «>-y £ fa ^ 

Gramme nng <F£- f^^d from e^ pI £ 
tions, magnetically , 1 "^ tro _ ma gnet S * °<0 

f ° mkg -^wX iron -re of eu^S*^ 
us imagine that the J* itica bja p ^%, * 

minatedat its two - X £J% oleS ; and^ '^ 
ing an expansion of' ^ ^^ * <w 

these pieces, <»%»?Z~%J>d which *£«* o?*^ 
const.tuteasolid rin^ their poi es ^d t , ^ 

magnets, k s N .,f' ~ ' when tWs,^*^ ^ 

examine what will happe n Jg c^ f %/ 

movement on ^^1^ the app r ^ ^ 
will result, for ex *™£*'f ro rr> left ££* « < -, 
pole b, as when "~~Jf will be develop * «p£. *■ 
At this .™™f A f e ™ indUC ed currer,^ '* £> 
magnetic coil ot a • currem ^Sn et , 

in Clarke's m ^ e j irec tio» from Amp^ *0^^i 
and m the reverse jiir ft e s Pa £<^ 

rents of the inducing maj * v e & ^ 

account of *£»«"£££» the pofc* ^ ^ «4**« 
advancing sets . U P " laceme nts which will ^ he c 0l . *~ J 
series ^«f^^S^t^ showing the ^e t ^J 
CUrr The S e c^en^Jn be direct, as obpJJ**^ 

same time " n * age of the spires of the coil befbr^* ^ 

£nS When a Teave g s * a current of detnagn e tizati ^^ 

N - ^^ual in strength to, and m th< same dVrectl J * s 

duced *<V*f t res ulting from t hfe toa cYv of ^ ** 

Eduction curre^ ^ ^ ^ w^ ^ 

sion » to the p Qf Ae ma g netlc coe M)d tbe co ^o<i 

at the oth< \ inductive action m ^ reverse Way v^ 
setitea to i 





-,;,to. 



^iai-nsac T*Ke„ «^ -ar^* nuiw: .-urSHS 
^ CT "-°~s> *-tv= ~rac ::«« 



t «S '" 






currents resulting *\ poles. "*o^ 

, ontte neighbour 6 s< _ the ; n(| 

In order to .«* aod iB adjunct, „ efc 
forrostbecore A » nching mc^ "Vl a c 
iron, cut by the P in „ bundle r„ ,j Sf, 
and bound togetne j millimetre f^U^*' 

having a thickness ^ .„ ^ < K 5 

are, moreover. c ° ">>,, f ™ 



current! may be joined for tension, for q Ua 

according to the conditions of their appu ">"> or in , 

We have in the theoretical figure sup Po "• 
sections are given, but in reali'y there ar e a hat ""' 
and in the form of the machine referred to (she***' °° 
sixteen may be observed. These are m&untJ" 1 m Fl 
wheel turning on the axle of the motor. on a b 

Round about this wheel are planted the j n( j u . 
firmly fij^d on two bronze frameworks, ; n ^ * n ' a £ 
placed taiontally. Fig. a6 shows the m ailllcr ^ ™J 
several events are mounted. ct 



C fRlC LIGHTS^ 



9 ° ,,^ co*' 



&*' ti° n of *e way i n ., , . 

A*?* v e easily seen ^a t 7r- ch the induced 

&°jfi t <u ctive conditions V* placed under 

:*• ^ ^%$ x . 1v»i^~. 3 . " In fart as each 



"BY a W „,d. ** n<^ \l1 ** amoved witK fact > M each 



tUy. >■ » " . <>** ' t p . u J " ,c L UUUQln 8 up of the core 

ind ^T V * ^h may be punched out at one 

f* ^apS W"*^ a*r h f' fOT this ^tem dispenses 

toil ^ ***°<0*! X* con r ction ° f these ^ 

with the precision »«f~ L^ V> kee P <l uite roun d. Finally, there 
which it is always di* 11 ^ ot collector in the machine, and there- 
is neither commutat* 7 ( cU trent- 

fore there is no loss ° u e currents su PPl ied by this machine 

We have seen that*' * four Jablochkoff candles ; but they 

are able to light thr£^ ° T i a tors, an< * m tr "s cas ^ the carbons 

are also able to light * e ^ eX tent of 5 centimetres without 

may be separated xP *.^ results are certainly important. 

extinguishing the li g Y>t- tio g article by Demoget, in the 

According to an i^' ( the 15th July, 1879, it would 

journal La Luniihre i.l^ m the above-named machine was 

appear that the prmC'P le ° ,,-itens, and that as early a* the 

discovered long before I* ** ety similar machine,^"* 

jrear 1872 he had constructed a v X ^^ 

w^s described in a sealed packet ^f^' ,875* and 

^«^« at the meeting of the 20th January, p ^ wings 

that this machine had yielded remarkable results. & g to, 

of the machine are given in the article we are elect r . 

but on inspecting them it appears to us that each 

23ss it ind - ed *« «* «* in t^ sts ° ne 

^f the greaTa?^* SUbstanceS > and * hU 

« e *t advantages of Be Merits' «**** ^ ^ 

-i^ES^t^ ***i*e.-This ^e'<2 

** --queC^ s udde ^ acquir ^>ge 

6 pan ^ on the Stocfc P 



\ 



VARIOUS CEJV^rje^2- 

sioned by the sat-dtsauf w^ 
which was to abolish gr^s ^ ""'discovery,* 
this occasion Edison ****ntioJL app ' ,cat '°"s 
machine of Wallace Karn, e ™ ™« &moi 

' W1 >ich was tQ si 



of electricity, and everybody was eagerly seeking 
something of this new wonder. Now, a Report issi 
Committee appointed by the Franklin Institute in i 
for a comparative examination of the various mach 
light, has quite recently opportunely satisfied the cm 
the public by giving not only a description of this i 
and of that of Brush, also previously unknown, 
the numerical results of the experiments undertake 
Committee, and even the verdict of the Committee 
spite of the much more favourable results yielde 
Gramme, pronounced in favour of the American n 
We shall, however, have occasion to return to thes. 
tions. 

Wallace Farmer's machine, which is represe n t e < 
27, is, in fact, nothing more than a reproduction o 



c ^HTING. 
&u & c ^ ea dy spoken of, and of Ixmtin's 

^^e, ****■ *»■ Principle. 
** c ** e d. ° n ,- sC , provided on both sides with 
iHs 10 **^ ito« ^V^and turning between the 
,la " W ^ctt°' t0 *Siets Y ' ,ith flat branches, having 
»%W e ^ ecW o-»^^ ftC h other. The somewhat 
ASl6 \s opP° sUe d to6 etiier for tension on each 
* ¥ ° «.. c onn ecte , t he connecting wires are in 

*£* fec ;,:"„r «"•»* «=> ">= »'« °f ™«»; 

Mion «'»* a "Lot, 5 ° as to »™ id * « vers,n S 
„r&»»» eSJSt commutator. This ar- 



rangement, 



which 



there is absolutely «» 
novelty, is sho«» in F, S- 

It will be perceived 
that by this arrange"" 5 " 
tta machine » a °» b \* 
and ,ha, e»* ° 
parts mtght a« ^J aU 
to%; but P* ro „»„i- 
the electrical * u „ iKd 
,s are so contrived that the currents evolved a circuit. 
for quantity or for tension through the whol e , by the 
iventor believes that heating effects are avoid e „ disc ; 
uncovered surface presented by the revolt" is put- 
,e Committee pointed out that this adva„t< the ait 

V .he experiments pSf*^ ^ ""^V" 

ie machine was heated f™^ ber ° Ie *« ^V 5 
sufficiently to melt s 6^ 

'"'•s Machine. — j., , o te4 

^^Xe-S^t^tTbyt^^ 



machine much resembles that or ^^ M& . 
it is less skilfully put together, and ^-t-xmrf, „ 
attempts made by tie JasMMKrf g„, «*»» 
This machine consists ofa Gramme, «"fl "«o 

filled up w,.h pxcBofmm. ™ w< ,„ a io^, 
between the expanded pote of • ^ me Mmo ( 
magnets, hav,n« the poles of s of the rf 

each other. In this way the tw 



surrounded by these poles are polarized unV 
south, the other north; and as with this rr °fy, & 

nately reversed cunents are produced aTi a ™'£.*" a 'iit ' 
machines, and as snch currents are tin'smtah. " *si-- 
net.zation of inducing magnets in dynamo-elec! r *• 
it is necessary to put the coils of the revolvim, ■ ""eft - 
munication with a reversing commutator, for wh "^ e ,J1 c~ 
bers are required. These rubbers, which are s h fou *" » 
figure to the right and left at the front, are constr*" '*» 
the Gramme machines, of bundles of -Hires arran^f' . s *- a 
brush. Fit?. 30 indicates the manner in which th e v l * 1 ^ : 
the coils are connected with each other and with ty.e*^ 35 



-rA bat th^ I*** * rf „_. - 

£ T>e P^ °£ coC^^*^ ^ ** seen, 
^^thej^to,^ in the 
;.*>*>Ho. ad* to^?/* «** J£!T "*>«»- 

* V •*». » m^*** i**^*** made 






a^i**^ *»* shaped 
rf ^ .«**a«y apparatus 

The Committee points 

<»t that by reason of 

™e iron surfaces which 

separate the coils being 

exposed, the ring of this 

machine is able the n»o™? 

readily to part with to 

beat^nich seldom^ 

.ft* ^eoUts very g*at ve**y 

>^ e ^ blamed, bovver «* rf 

>U u.»~~ * uc {v . tf ., • resistant 

t loud noise, ^ * *** W to *J> » ^ ^ter- 

ir, but which u n0 tbt»g but the sounds d* e ^ns 

mi ?? eti2j "iott ** dettta ^etizatio^ * ^^ 

^nt£l eSe * ff «* s atC P I 0d *** afco* cu^ 



, 12° 

,tatio n - 



oS of magneti^t^ atvd demagnetization * V VL€^\ 
ri7n h s eSe «■*» atC **** K *» «£S 

ounds ar e ***<*""*> ^ **** is &* <**>** P V d 

, circuit f r f? eat e<i by the ]ab\och1to» $ c0tm f y>ed 
he electron *}**** machines. This etf eC \. ^ efl«* 

r work o n th * ^onic trausTms S \on8,> C 
mother fo ^ ^l ephone , 

corresr> -, 'V** 1 of f, e " A <e> 

1 nci in s ^. the machine there ^« 

l "* the two systems *° 






jSsilZZOCrS GENERATORS O/? ^ 



and the even coils. " By this me^^ s „ 
the Committee, "the circuits may be c^V 
transmit currents of more or less intensity* varri 
to 120 volts, or so as to divide the currents be 
circuits, each supplying an electric light" 

We may point out that, un der these circumst 
Brush machine is inienor to that of De Merits 
cause the iron ring being continuous, the electrc 
currents produced by the approach and withdraw 
magnetic poles lose their energy, as De Me'ritens j 
his earliest experiments; 2 ° because the induced 
gain much when the magnetic cores are formed of 
pieces of iron bound together in bundles ; 3 °, be< 
presence of a reversing commutator occasions mui 
current. 

The Brush machine has recently been applied wit 
to the illumination of the Park, at the city of Clev< 
America, and if the newspapers of that city may be 
it has, in conjunction with the electric lamps of t 
inventor, an advantage in economy over the systems 
England and in France in the proportion of 20 to . 
machine required only 1 1 horse-power to supply 1 
having the luminous intensity of 200 Carcel lamps, 
believe these accounts are much exaggerated, inas 
these 1 2 lights imply a machine for division, whi< 
described by the newspapers we allude to, and whic 
appear to be confounded with that spoken of above 

Biirgin's Machine.— Burgin, struck like De ; 
with the loss of action in the Gramme ring, resulti 
the withdrawal of the iron core from the inducing p 
sought to cause its approach by making lt paS s 01 
coils at longer or shorter intervals. In order to ac< 
this he formed this ring of six separate rings mounted 
to each other on the same axle, and each having fo 
netic core a square frame of iron wires (Fig. 31) on 1 
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VARIOUS GENEZZ. 

magnetic cores give the 
of rotation with precisi 
Gramme rirfg. In short 
promising machine. 



Trouve's Machine. 

<Jynamo-electric machine: 

cipte as the preceding ma 

inducing magnets on the 

contact of the magnetic p 

that which Larmangeat h; 

electro-motor with electro- 

In one of these apparati 

straight electro-magnet, m< 

with a core provided with 

electro-magnets of Nicklfc 

ends of a certain numbe 

arranged in a circle, with t 

in contact with the expan< 

magnet, and each giving ri 

reaching a commutator, tn 

at once the working and ti 

rnent is entirely the same 

motor. 

In another form of the i 

on a large scale, the indue 

just mentioned, but it is c 

magnets placed parallel 1 

are thick enough to have 

similar to those of the I 

axle of iron, and coils so < 

fled by the inducing electi 

the induced and inducing < 

system in which the moi 

always in contact, and th 

power. 



S oi the wa y in whicli the induced 

nS idet^ io11 s ily seen that it is placed under 
ltlle ^dittnJi V e J ve conditions. In fact, as each 
,trall Stte c0txsttU< tie re^ oved wi *out disturbing the 
L ^arate * to** ^ay be woun <* without any diffi- 
.dStefotetWe fainted with the difficulties of 
Those who ate «W ^ rmg will readily appreciate 
« thelites onthe^ r y the building up of the core 
dvantage. to a ° ot o,h tO»Y be P^ched out at one 
xta posed lamvn*, «* ^e, for this system dispenses 
e is an enormous aa **•* ^ g cons trucuon of these rings, 
tne precision necessary i qulte Iound . Finally, there 
•h it is always difficult to inthe mac hine, and there- 

nther commutator nor co e 

there is no loss of curren . stt pp\yed by this machine 
Ve have seen that the curre b koff candles ; but they 

able to light three or tour ja ^ ^ case the ^^ 
. also able to light regulators, a ^ ^ cenu metres without 
iV be separated to the exten ^ cer tainly important. 
Anguishing the light. These testti De moget, in the 

According to an interesting art** * uly>1 8 79 , it would 

.urnal X- *»*" £/ ^ l^Li"^ machine was 
ppear that the P^nciple of the abo* ^ ^ ^ ^ 

Covered long before De Mentens, ** ^-^ which 
rear 1872 he had constructed a very «"» ^ Aeadfm£f 

wa s described in a sealed packet depo^ee ^ ^ 

rf« 5o'<^r« at the meeting of the 20th ) anu< " J ' Dra wings 
that this machine had yielded remarkable iesuB {eir \ n g to, 
of the machine are given in the artide we are re ^^ 
but on inspecting them it appears to us that tft each 
magnets of the induced ring were not insulated Qne 

other by non-magnetic substances, and in this cons 
of the great advantages o£ De Meritens' n>afi&° e - 

Wallace Former's Ma*hiiie.-Th\ S «**&*• *tfrr 
viously known in Europe, suddenly acquired son* »° ^ 
in consequence of the panic on J £ k ExcU ang e 



1 1 

•4 



-^&<w>"«««'«iilH. *< 

which » to »^j ison "."tn.^C 
this occasion „___ Fanner, m. ^ ^t 
machine of W*a>» ce "*** » 



of electricity, and everybody was ea 

something of this new wonder. Nowf ^ Peking 

Committee anrxunted by the Frankli„' ? Re Port », 



K»*j on the.'. n < 



J*» c ' 7* y s Pokert 

c,o««. of straight * c t-^,. iK *«*<Ul b * »«»■«. .he 
pole, of wo large 6l D pP rfed r* °»=r. *»<*«, having 
the contrary poles ""^ " '"Seiner f 0r '*e somwhut 
flattened coils ate c JisC> S "X Wnoecf ° n on ea * 
side of the revolving cO llect0r plac<]l j ^ "ng wires ^ jn 
communication with * system, so as to* ^'e of rota, 

tion, as in the GratO""" CoJ"^ a „v,„i„ g 

™seraen,° r ' . ™ s " 
there i, .. m " ,h,ch 

"Wty i S ^ S °'"'" ly "° 
28 _ '7>» shown in Fig. 

thatt"'1 6li perceived 

_ ™ tb ytbis arrangement 

™ machine is double, 

•»« that each „f it, 

P art s might act indepen. 

. "us. aB *Mly; bu , pract i c ally 

rations are <" e electrical communi- 

either for S ° cor >trived that the currents evolved are united 

"i"heinvento Ui ? Ut . y ot for tension through the whole circuit. 

large uncove ieves that heating effects are av0 ' ded b y} be 

t>ut the Corn"^ 1 surface Presented by the revolving disc; 

•chased at the™'"'"'* pointed «>< that <"«» advantage is P"; 

<=./¥«„ to the m ^P«!nse of the great resistance which the a.r 

""^hii ^ e ° tt Performed before the ©*»»£ 
*-« Sh . s * hea,ei1 sufficiently ,„ melt serf"* » 

""""v *a s £ "H •" to, * prbtdP" * 
■""Wded. .In >' V 



machine much re tog ether, ^ « 5 

i, is less skilfully P" ^.awx* ^ » 
attempts made W *=, s of aGra ««■%'» 
Thismachine cons m »e^ >*, 

o.lyeigh. to. »**£ of tai J «> ^. . 

filled up with P~, ded poles of ,„.„ ''U & "*« 
ber.een.he «^ e / oIes „ J^SH* 

Tt ^'f® this vrny the two „,,**•>><,« ^ 

each other. x " v e» na ' 

Ofrl 



surrounded by these poles are polari^. 
south, the other north; and as with tllj '"> if °rmh/, 
nately reversed currents are produced arran &enier 
machines, and as snch currents are u n ' s ^ ln D e Aj 
netization of inducing magnets in dyn arn ltable f °r th 
it is necessary to put the coils of the r ev °?' ectn c Ha! 
munication with a reversing commutator f VM1ff . nng ir 
bers are required. These rubbers, wh; cn ° rwIllc ' 1 fou 
figure to the right and left at the front, ar e are sho "'n i 
the Gramme machines, of bundles of wir Constnicl ed, 
brail FifS- 30 indicates the manner i„ w-'j™" 8 "' ' 
the coils are connected with each other and r!' e V " 





x*» er f the wires allows 
-fcid**^^ either direction at 

forto of this machine, 

__e^ -j;«or. KSemblincr 



£i£ 6'. - - ^^^-^e: of, the brush rubbers 

„ soeS"-**^™,* current, are carried 
^ine^^yirxa^., inclination in one 
as collectors for ^ y , 

, 0ic the ^^^e o\>tai 
,ced currents w *o* 11 " — 

« vA arra nged a. ^ ^'ceding, resembling 

ns has recently axrang p ^oratory. This is 

Smaller dimensrons* an x J* by ^ satne 

^Itton machines of the phy ^^»» j desc ribe farther 
&**%&* sets in acuon tHe ff fc*U sq sma 

^f t reversing the currents, ***"**>** 
«* ?;iv *hich it is not easy to ur»o ■ ^ 

<e ^ produce effects ~P^^ excepfthat 
^Arrangement of the a PP aratU f/ d ^^ r i z ontall y , and 
tb* * ^e same as that we have ,ust * r *° r ioside 4n a 
ne ^y is p\ a c e d vertically instead .-, e d llt lvn a 

- sy !jSd coil, instead of being pro^ ^ctro^agnetic 
he i«**J* of iron serving as armature to ^ of * buQ Je of 
tame^ fe p rovided with a cylinder forrtf eC * ^fri 1 * 63 - . T «ese 
5yste r li*e the cores of voltaic induction ^ e tit** grease 

hires' ^ vhUe aCtiDg as *" armature, at the s***L^ ^chines of 
the intensity of the inductive effects, as i» * 
Ruhrr»fc° rff and ot hers. ^j of rotation, 

These machines require, however, a high Spf^s not appear 

the currents **• 35 for dmdtf^ ^^ectric 

Siemens has al*^ ^tx el ~ ^ 

machine arranged nlT™"** 1 * form of **>*%iti°° 5 t Z 
preceding, and ££** unde ' the same c *** 5*^1 
Sucing electro-nf^g from th em o^e *%&** *» 

separated f rom ^ ts ^re are bundles of V^t^ ^ 
/rarnes a s bro&d <* and bound together t?^ c0& T * 
rrmch.ne has al So * S the length of the in dll ^ a 



VAX 10 US GENERA TOtiS OF ELECTRIC LIGHT. 



De Meritens* Machine.— To judge t>y * e T 
electric candles lighted by this machine, it xaas&& 
the most powerful magneto-electric cenei"^ t01 * 
motive force. It can, in fact, with a moti ve fc 
ceeding i horse-power, maintain 3 jj^fc*!^*^ 



£t jio^> with <>ut requiring on the part 

cfituW P ^otz than 7°o turns per minute, 
.peed °* appreciable heating ; but the light 
jucing atl ^ ,joes not seem so powerful as that 
ise catt* eS .Vie Gramme machines; and until 
nl ntAfeA ^ aiveo, the relative power of this 
es »*«»*" 




, This to**™ * 
tor cannot be definitely estimated. l " . esTe vetsed 
■to electric, and, like that of the Alliance, gt v ^ ori ( v 
lls ; but to produce the same effect it Ie 1 f the 
,»ard magnets instead of 48, and only » ** ^eo 1 * 
e power. Such, at least, is De Meritens' s tat ' raft 
, e advantageous effects of fhis Vtnd of «**% ii> * 
the fact that the induction currents pro*' 
• Th» tnnh i« thl , m „ WM requta> I( ,,„,.,»«»' 



ring of the Gramme machines are add< 

in the ordinary magneto-electric machin 

In order that it msk.y r>e understood 

Gramme ring (Fig-, ss-4-) divided, for exai 

tions, magnetically insulated from each 

forming four curved electro-magnets p] ac< 

us imagine that the iron core of each of t j 

minated at its two extremities by a pf ece 

ing an expansion of" its poles; and l et u , 

these pieces, connected by means of a. p; e j 

constitute a solid ring, round which are pi ac 

magnets, N s n s, with their poles a / ter; 

examine what will happen when this ri ag C( . 

movement on itself , and let us first obsery, 

will result, for example, from the approach c 

pole b, as when moving: from left to right , 

At this moment there will be devel p ed 

magnetic coil of a b an induced current of mi 

in Clarke's machine. This current wi U ^ 

and in the reverse direction from Amp^ 

rents of the inducing magnet. It wiH be Ver 

account of the nearness of » to the pok K . fa 

advancing sets up between the pole n and , 

series of magnetic displacements which win g^ 

currents of reversed polanty showing th emsel 

A These currents will he direct, as ; c 0rriparec 

ticular current of w, but they are not xnstanta, 

on increasing in energy from » »* To th 

same time united the curren^ ^ d ^cal in, 

ine from the passage of the spires ot the cou b 

£ When a leaves N a current of der« a eti 

H^ced^qual in strength to, and in the Satne di 

Eduction current resulting from the apf>TOach 
mduction ^ The effect 1S ^ ^^ , 

sion b to tn v magnetic core, ^ nd tl 

Rented to tL "nductive action in the reverse 



**« c 



"Id 



'*"**= iffi#* 



m 4llc — - Licm»- 

<* tV^^WemsbytteWf 'l>e approach 
i*>* v,,, ***»»«ioiis > a" 4 *' dlr <sct induced 
* Sa Se of the tag* of core a b before 



Fig. 25. 

>»Bne,i c 

assa ge a ^ ol e,aild*» c > induced cune» ts resuUin 8 <em 



"• th. 



L tv "e spir« befo « 



auses of indue- 



d? e <5. ' a " i,e u S combination 

L a «£ ,<tt w' the a <*°n »»«* " E h "< i«* 

'"•> a^?'" s « c ''°° tne ™g n»y » ke plac<! "am* 

" the <*■""■ a nd that thef "' aUo Mfc 4 



" »n t ^, IeS y ltin e from tie lateral «, %, 
«**• ti._ to i, ™ !t «*= «><*««,, V ^ 

J^" ' *>o„L ^ ""* P^»Mng machine. < ^ V *"< 
^"v«» ? together in a bundle to Z*> "?<* b ^v 
**=, m„ ""'«*»«» of r millimetre. !• „ %>* °.r" * 
• ""on*,^ con TO(Ji „ socA *»,*<%£> o^ 

'"'l. "**.,*' <v> 



""rem, 

a «ordj 



™ a y be joined for tension, for q 
lV e . S to the conditions ot their ap^J^^ 
s Mt«a K 7 e in th = theoretical figure •Uni i< =*?*'- Of , 
« » 6W Siven, bnt in reafry tto e ^^»o '(, , 
s "teen ^ orm of the machine refen^ ** a «ia t *e,- 

»C * y °= observ eel. The* 4$ ^<£?^>> *' 

«n»I, i "'out this wheel are »!»«-•«!«* * » ,*. «f. 
PlacMk d on two toronze f ,a»^ tto,Q>w V> 
tawSorJalVy. r-ig. »6 sho-~a fc^SV 

Xents axe: raovrnted. X '%T'S 



°» of the way in O*-* „* e "duced 
* easily seen \ h ° it * p } a «d under 
^ttve conditio*,,. ".^ " each 
"»*• removed w?m^' d ,' 5tUrbin S the 

'«« may be wound *" Z My dilfi - 
« Wquamted wife V dllfi <=ol«<=s of 
*« Gramme t in g wil . ,e^y appreciate 
»«*h« way the buudi»« "? ' he C ° te 
lie, "Mob may be „unc* e °°' at one 
0»S idvantage, fot this s* stera ***?'*» 
pessary in the construct*" <J. *T ™^' 
^ttoteep.iuite^d.r-'^: 

, I •"" collector in the macb>» e ' 

f current. lh is ,**»»»= 

rtia' l t " tIe " K ^PPUed by tIU w t they 

wee or tour Jthlochkon candle 5 ; cat bons 
V ht rectors, aQ d in this case th e without 

"5 , the extent of 5 centime« eS orW- 
v It These 'M» 1K »= «rtai»U "» V io *» 

S « U»*i ■«• b " *»•??»*% 

he principle of the above-named «• „ ^ C V> 

„g before D= >""<«*' md ' to * ?> >< 
had constructed a very similar mach' ^ ^4 

1 in a sealed P» te de f°f T ed at ' ,»7 5 ><*^ 
> the meetinS of the =°* January, \*»* •<* 

M "• given in the «wte™ » « « * ^V- 

F orn, ...—This machine, >V' 

' n i" fiuT S "^'"Tvacq^dsome^ C 



*&S fifiKSif-^ 




of electricity, and everybody „ 

something of this ne. wonder i ° H "' y *«*»* to , 

for a comparative examination of the »T„„ , '" A ™«i'*. 

the public by giving not only a description ol ,M, TaS^, 
ana of that of Brash, also previously urAmown, bet »\» 
the numerical results of the experiments undertaken toy ■»* 
Committee, and even the verdict of the Committee, * b °' 
Spite of the much more favourable results y\ e \4eA *^v 
Gramme, pronounced in favour ot the Pcmervcau tn»^ 
IVe shall, however, have occasion to return to these 

'^li.ce Far.ner-s machine ^f J^£?Jl 
i,, is , m fact, nothing more tV»an a "V 



(.LEc 



, ^"MxagteS" 4 °° both »M« with 
( t ^"o-TOagn ' a ™ turning between the 
,*J opposite ea i ,*" b 'M>ches, having 
V S connected , ° W ' The somewhat 

' V i «". Md. ,? fot teDsi ° n °" «"* 
S* ,V<* . rolW. conn eabg wires are in 

V> » Elector pW oa ^ rf roM . 

* <f { ^« system, so as to avoid a .evening 

' O . com mutator. This ar- 



ngernent, 



which 






I 



there i s absolutely » 
novelty, is sho*n' mI ' ,g ' 

2 it will be P*t£ 

«"= machine * ^ » 

">« that ea*. Ipe*" ( 

P«> Wight act '"^.M 1 

"°- »a. Gently. hu , ft» „rA- / 

-■»c ' *= Metrical ^oit« 4 ) 

""wt,v" tfi *e<i ,v „ c»« eM s evolved ^ c W< e ( 

"bin" °f for" 1 *'*' tW°»8h thewhdV'c, 

V^es « tensto* 1 4 effects are avoid"'*, **,,' 

"^teT^*' h ««i^d W *e revoivif iS <« 

" e* e t> oi Pte Se ^t jjjt this advant»£, «*•', D 6 

"^ £"< h < Zgfo P*t= the <*'<* , 



fill 



< «?>• ** oxdi t;\f h °- n in the 
bu^ \ tWe ends of the • Ce the com " 
pair" S 0<*\. to teach rtw* Wlres ar e made 

hotto* \i v \«ays ^ * * UC ? a manner 

«*. *■ *' ^ \ tl e ^ Umcation with 
ol coil* le/l o tl? - ng pair has its 

fce mach^ 6 '/* * ** neutral line of the 

^de ot plates of copper, <z *v 

ulatoi iteetf * 6xed 0U rin 3 s of insulat> 

ing matter and shaped 

as inordinary apparatus 
ot this tind. 

The Committee points 

out that by reason of 

the iron surfaces which 

separate ** -ils bemg 

Prosed & e nn S of 
^ wis able the toore 

^achvne^a . 

t eadWy to ^^ 
fio. 3* v. e at,vjh\cbse , oC ity 

o Fahrenheit, in sp it e 0* <*ed, ^ eV 1^^ <* 

^ ™ e ma <*me i s t^tQ**^^ 
Cd ^ise, which is ^^C * ds due to ^ 

r,but which . nothing but * /^*£>$* 
« ^magnetization ann j. c A^., n in D« v /•# .<* 




^>4 



1S of magnetization and derna ^ S o' wI)e ^ ^ 
;ring . These effects ar e ^^ A ^^Ytnote /, 

in Lontin's machines, ^T^w p tf ctt^/>* 
ounds are repeated by tK ' ^h-stf ^rftf* * ,V #>- 
e circuit of these machi,? 6 J*U<T &>. &&<>&' f& 
the electro-telephonic tr S ' Tv,^ ^ // 

,r wo * on «* telepho n 7 s ^i Ssif f ^ ^ *» V 
another form of the T!" ** y L^ doi 

3 corre sponding with th^^e ^f 



v:. ™y 



% 




v^azTCtcrs 




" By this means/ 9 s , 
circuit may be Co 



er 
b 



and the even co * 1 < S * tie cir cuii» "*»./ «~ « 

the Committee, more or less intensity, 

transmit currents o* ^ div ide the currei 

Xo x2o volts, or so ' an electric light." 

cvccuits, each supP^^ that unde r these cir 

We may point . ,- erior to that of De M 

Brush machine »s * t> e in# continuous, the e 

cause the iron " ng the approach and wit 

currents produced ^ energ y, as De Merit 

magnetic P oleS V^ents ; *°, »> ecause th * ** 
his earliest experim ^netic cores are form* 
gain much when the ther in bundles ; 3 « 

pieces of iron bo " n ing commutator occasions 
presence of a rever 

current. . has recently been app]i e( 

The Brush n»fchin ^ ^^ at the cify rf ( 

to the i" umin ^He newspapers of that city ma 
America, and if the » with the electric 1^ 
it has, in con J un „* in economy over t he S y Sl 
inventor, an ****£** ce in the proportion of 20 
England and in * f r horse -power to supp 

machine «<l uU ^* us intensity of 200 Car Ce l latnj 
having the lumino . ^ much exag geratedj { 

believe these a cc & machine for division, v 

these r ",, ^vLnevipapers we allude t0j and w 
described by the d with that sp oken of abc 

appear to be conto 

, 1lfaclIi»«•-" :BUr8 l n, Struc k «ke B 
^-r* 1 "^ of action in the Grarn^ rf rest 
wit h the loss the iron c ore from the inducing 

the withdraw pr oach by r^y . 

soUght . longer or shorter intervals. ^ ^ tQ ( 
coilS ^ fo^rned this ring of six sepa^ mount 
tbis he = form e ^ sarne axle, and ead f having 
t0 Ca trea square frame of nx* ^ (p . g 3i) q 



rvri ., 

i>« _?" induced coils- These coils are 
arJ"* spindled* a curvature so calcu- 
te^V 31 Parts ot the cotes are nearly on a 
! t a * spites ot these different coils, and 
Lt a *»ss the inducing poles lt a very small 
pa n ** »e also so arraneedthat the angular 
S5. v S ot the cotes retite fW"> each other so as 
"Kit** "^ntotmahly to a spire ot a coil - II f °>- 
itrl tVzi og actions are produced successively, 
ts due to these actions, » vre11 as to thal 
"'tween «•«"" the colls ' 
e aVwavs ol the s^™" 5 ""en- 
try in the different Ptoses ot 
acr, revctation of the rmg. 
The induced cols »";. »<> re 
over, v,oundindt.=«»0" s » V 
ternately reversed, *<»°e"° 

obtain currents to * e «T 
direction™ each hal* of the 

t,. «, ,r,B«e coils are 

joined to a collector e**"')"" 
) „ :« Gramme s 

•*-«-?"?„ aching 
^nd in Sieme ns v „ 

L ^^^aiJ""-- current «o be 

fnS*" «• *e ,a«.e n^t - ** " *J 

"merul^ l ^ ose machines. . 

lf T ■" trmd e in my ptesence at Geneva, in the WK* 
th at t f "»i, viho is the maker of there machines, 
s Po w 5 1 have for a given velocity M actl >' tlle same 
' kav«' a s the ordinary form of G»» me machines, 
In r , «>e idtjnage <* becoming «"» much ,ess 
^s =*. it ma y be said t „ a , A ^e baldly heated 
*• ; t^earoj construction, they als" f iese *" sots' 
Us . for i» stanc e, the uncover" 3 f Kls or *e 



* f ^ese machines, furnishes us with 

s *i»aU bobbins-one a Gramme, the 
^ Trouvd's plan. &* has 20 coils. 
-°ntains a greater length of wire by 20 

>Ws ate so mounted as to be acted 
^ctro-magnet, which is wound with a 

* Proportional to the Gramme bobbin. 
^sulated ; there is no loss between the 

s to be otherwise with the former, where 

* u\ communication with the iron. 

^ disadvantages I obtain a much better 
^ving projecting pieces. 
l * coil ^ Projections, is made of four 
L M riveted together so as to form a single 
^SK a ^ the lathe This cote is wound 

*n£2> milWe toe T , , with 

** , ,0 tur ** per minute I obtain a 
**t <l't xo B ^nsen ceils, Therejs no 
*X * * Stance is interposed to the ex- 

^-1^ ^-hine has a spe-1 fc- 
^unt ox tJ* ^Plementary mach £* 7 f 

* ^Wided, and which is the first machme of 
Seated. As we shall discuss this kind . ot 
karate chapter, we shall here have but a few 
^t the generator properly so called, which is 

^ig. 32. It consists of a core or iron drum, on 
2 ^ a large number of iron cores in four rows 
" l ^« These cores are furnished with magnetizing 
0v »hd for tension in such a maO ner * at the end 
^sponds with the beginning ° { the next - Thfe 
b y its inventor a magnetic pi nion ' is Counted 
*s to tur n between the pol es of a Po-^erM 
' Mthfl» ttened branches I A> constituting fte 



1 



induo 



°* of the G 






coil, "?" 



with 
Like 



«tor ato «*" tfc is is a <*0fl VI >„, % 
f the oreced in* Vi <k e Jv ' 



colle 
most of thepreced 



X.' 



Fig. 3 s - _ 

^nd the inducer is excitc * b ? e * folTO of *• T^W ^ £ 
*v t ,«-ently constructed - men n Q n,^s v0 

tta most """Xch « »»« *fr2«->**->* *V 
improvements, « ^ po w Be4 ttaj ^ 

>»a„cing /ff^duced cun-ent «» 
tensity of tnc 



e com mil ^- c .k, H Sft mis it 

,, C^ s " ,s ° f "* Mj » 

?orts. lead and ZJDC ' and a,ed 






, the 



itwuaoatterfo, ki)t *» ^ 
lectnc hght could supply oo'^iy"- 
llgllU, and the dai^Zm i^ C (^\ 
ruction of a generator capable ° f <9 C , 
=ral denved circuits in quantity s *j C^ 
different places. Although seV 6 *jj»«* jn 
this problem were long ago p^f lai ;^ ^ 
the solution has been accomp 1 ^!*'* jr> 
*° both as regards the general"* ifi^ 
2ftl selves, and we are indebted t° 

( V^Lontin's machine for the pt° ^t, 
°t»ly i n dividing the electric V& 



s 



ti^ otive^^i^ °f C *«* V. ° f * *■***<* of iron 

ca^ o{ iron » t »«r p oi a* e « d ev e l oped> tKe 

*£&*" *tw & Cr ^icU C ° W at *«> free 

^Set, «* f fires, whi ch 7 eSs » W n with the ** 
2. discs for the* ^**e f Urth * the part of retain . 

position by abuttttW c h 0ri * Stained in their 

on two bronze ^ heC '^y, the c l' ^ *«** mounted 
the polanty of the C«S «^ «**], .re so wound that 

other, so that the fflObO* Qf «*d fr 0m 

SSS^^ 1 ^^ brings magnets of 

This indul US reCCIVe ^ternlt 1 Q C ° res of the indUCCd 
by the dyn am g Systei » is of r y rev ersed polarizations. 

described, an ^ e , ,e ctric ge^ rse Magnetized continuously 
-IT" **cL* h ** 4 K erat ° r ' Whic h we have already 
STS:-- ° r *vl ^y, L m ° Unted « the same -de 

re „ ar , ase the e n a * n °we ver hP k fh.fM for * 

re ^ec 0nn e c o, ld .^voi t • **» b e substituted - n 

iarl '*<C> '^Ms ? n **** *ay be used, * ^ 
XZ £>;; .•». ^ be very dU^ 

These coY, **<J Sv W *V c ompased, as we J» ave . s ° f ,ron 
form a °"s a s u . ***! '§, fit . J . ' •» we . er ies ting: 

Co ^w 0*0,^ lii. ed inside with * S , p* o) b b. 

^ >4<, ke the tee * of a <^U » i to 

^^ Wlth ma 8netizi^ %» *°c e* 
^_ ^ to each ot her in <&%& ** 

la Snetir svc. „d tP 



all .J nd severally i n «-»,- 

\! V? ^steins pa8se«c6>t 

dire" ^ ? r th ° lnC iUCG <* ^ten,s/ s ^, 

^v.! alternately ; for 1€ one of t A **«** 

?^m, acting on one of the cores- of 6 °^ 

^oVanzed north, the adjoining core i^ , 

will be subjected to the action of a So *^e 

rent will always t>e produced in the ind?*** Poj, 

with the commutator. When the md u ° ec ^ 

polarities will have different signs ° e ** ^s I 



reverse direction, will he obtained. ^ a cu 

As the action we have examined w'/i 
repeated in all the electro-magnet/c S y S t Sin *i 
bobbins, each of" these is able to supply u ttls °f th 
independent of the rest, an arrangement wh^* 1 act * 
division of the electric effect. Supp 0s i n ^ ll alio 
induced magnetic systems formed of two b hu* ^ 
of supplying a current powerful enough tonui ■ ls 
light, the machine represented *n Fig. 3J Wou] ^ tai13 a* 

and if these were desired of different intensiti glVe l 
necessary merely to take away currents from 8 ' ** ^ 
lights and put them in communication with tho ^^ 
are to be brightest. As the induced system i s fT Iam 



ls fixed. 



J 



n 



is easier than to combine the lights in any re qiii °' 
and as there are neither rubbers nor revolving ^ ** 
loss of electricity can occur. ont *< 

The commutator m is so arranged as to act 
contact plates as the machine supplies curr ents aS 
for the production of light. The number of t j^ se av ^ 
depends on the construction of the machine, and ° Ul 
seen that the one represented in Fig. 33 furnished 
currents. There are therefore twelve contact p i ates ^ 
each of these correspond two binding screws, one of** 













<* 



Pm^T^ji. T"****' lie hacr 









%* six months ^ ^ i****^ 




in 



"^ gx months tW^ 1 la *nps. 



•_..« ~r ^*cse w. r * ^«cq pomis, eacn 

the terminus of thVr? ^«*ines ,, 

sution^where th^ *<**, * ** b^ ^^ at 
the entrance to th« PPlv »» i- * ^O ^L r „~ 
a fact that tri^^o/** ^K t* T* <**t5T 7 
some pen^^O** ?<*> a^ *«* P^ * 
which, acco*^ «* ? *«*■ to ^^***»* m *> 

^ « • *25 J <^ of ^e objec . on ^eby 

Oraau^ & *<* «** * *<*Pable of p*** " 

f on of th e fo> W^ met res. 

of a rather .^W^^.. 

Motor's ^ ot hft ** cvi- y ^e in a merely a & CnrX && 

* 1 *** ^WT^it ° u <- s* beu >8 attached *** ^?*fl 
^ >* o S ° Cj** **<*> each co<>f 
V ^V* ^. ? SUc <*ssively rf*" i 



' <n| Qn ^its ^ su <*essively s« 
f °^ed V e 'nducing sys 
of eight straight 



S«ly '^versed- t „*t 4^£. **«« 
™„ alternate^ r U*« ,,, «*,«, £*<* on ^» 

4y a Gramme gene ^ ^^n *"Pp»e,,g, 

it is 






T»»"o' 



required for tl* e * j^^V^^o*-- - ^^T"*™' 

are employed s e , * \ ***** d * * ' 
of the ^T^^ap'er^-plcLee a 
trie Avenue & Y ft ■Oc 1 - ei 
■houses adio^** 
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106 ELECTRIC LIGHTING. 

Each of the currents produced by this kind of machine is 
able to light four JablochkofF candies, and consequently each 
system of machines maintains 16 electric candles. There 
are, it is true, two candles lighted at once in each lamp in 
the Place de V Opera, but there is only one in the lamps of the 
Avenue de V Opera and in those of the Place du Thedtre 
Francais. 

Experiment has shown that about i horse-power of motive 
force must be reckoned for the maintenance of each of these 
candles, which, however, last little more than one hour and 
a half. But to this subject we shall presently return. 

In Fig. 34 the machine is shown with one half in section, 
the other half in elevation. It will be seen that the electro- 
magnetic system is covered up by a cast-iron frame at the 
two ends, and by a casing of wood on the curved part. 

Gramme has recently constructed a new form of these 
machines, in which the thickness of the wire in the induced 
■coils, their grouping, and their connection with each other, 
have been so adjusted as to supply the maximum effect with 
the Jablochkoff candles, while using the least possible motive 
force. With a horse-power of 4 a machine of small size was 
capable of lighting eight candles. 

This machine is moreover able to supply at pleasure 
3, 6, or 4 lights. In the former case it absorbs a horse- 
power of 4J-; in the second, 2*8 horse-power; in the third, 
2*1 horse-power. These lights are equal to 25 gas-jets, and 
the Jablochkoff candies which supply them have carbons 
3 millimetres in diameter. RapiefFs machine, mentioned on 
page 81, is a machine of this kind. 

At the establishment of the SociHe general d 1 electricite 
there is also a form of Gramme machine, giving lights equal 
to from 70 to 84 gas-jets, with carbons 6 to 8 millimetres in 
diameter. Thanks to these different forms of the machine, 
lights may now be obtained giving illuminations equal, ac- 
cording to the requirements, to 25, 52, 70, and 84 unshaded 
gas-jets, and these illuminations are diminished by only 



MACHINES WITH ALTERNATE REVERSIONS. 107 

10 per cent when, instead of enamelled globes, globes of 
wickered or waved glass are used. 

Siemens' System. — Siemens' machines for dividing the 
light with reversions of currents, which are represented in 



Fjg, 35. 

Fig. 35, have been constructed for 4, for 8, and for 16 lights. 
They are, however, also based on the principle of Lontin's 
system, but under different conditions, and taking advantage 
of the dynamo-electric effects of the same maker. They 
lequire, it is said, a motive force not exceeding 13 horse- 
power. If we take, for instance, the form of the machine 
adapted for 16 candles, we observe that the inducing system, 



loS ELECTkrC UGBTIXC. 

Gramme, is formed of the two vertical uwm of electro- 
magnets. / i, r /, fixed pgnJTel to and in front of each other; 
and turning between them t> the induced sjstem constructed 
of as many galvanornetiic frames g g, as there axe ekctro- 
magnets in each of the two crowns. They are, of coarse, 
insulated from the cast-iron frame B b, on which they are 
mounted by means of ebonite plates, and they are so wound 
that a north pole is always between two sooth poles, and 
vice versa. It will readily be understood that the electro- 
magnets placed opposite to each other on die two supports 
are of opposite polarities, and that consequenUy a galvano- 
metric frame, when it comes between two consecutive cores 
of this double inducing system, win be affected in four dif- 
ferent directions — first on die two faces of the multiplier, 
and secondly on the two parts opposite to the galvanome- 
tric frame. 

The induced system is formed of a bronze wheel, on the 
circumference of which are fixed the 16 galvanometric mul- 
tipliers, g g, already mentioned ; these multipliers are wound 
on two wooden supports fixed between two plates of copper 
pierced with holes and having the shape of enlongated 
sectors. Each multiplier is composed of 23 rows of spires, to 
the number of 1 7 in each row, and the wire has a diameter of 
18 tenths of a millimetre. They have, however, no iron 
cores, and present exactly the appearance of a galvanometric 
frame. They are fixed by their sides on the copper wheel, 
and are fitted with such exactness that one would suppose 
that the wheel was provided with two large metallic circum- 
ferences externally presenting circular notches corresponding 
with each multiplier. The holes in the metallic sides are for 
the purpose of admitting air to cool the enclosed multipliers, 
a precaution neglected in France, but always taken in the 
machines constructed abroad. 

The central part of the wheel of the induced system is 
occupied by a thick circular plate d, whereon are fixed the 
wires by which the coils are connected with the collector c 
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and with each other. The combination of these wires, how- 
ever, is very simple ; the multipliers are divided, as in the 
Gramme machine, into four series, and those of each series 
are joined together for tension. One of the similar ends of 
each series leads to a metallic ring fixed on the axle of rota- 
tion of the wheel, and the other ends lead to four other 
rings insulated from each other, and pressed by the rubbers 
c in communication with the terminal binding screws of 
the four circuits corresponding with the electric lamps. These 
circuits are completed by a connection with a rubber which 
presses on the ring, and is common to all the multipliers. 
The current of the exciting machine, which is placed beside 
the other, corresponds, however, with 32 electro-magnets of 
the two crowns of the inducing system, which electro-mag- 
nets are joined for tension, each being composed of five layers 
of 32 spires, in wire of 2 millimetres diameter, p is the pulley 
for the prime mover. 

A remarkable feature of this machine is the small amount 
of heating it develops. The inducing electro-magnets are 
seldom higher than 30 C ; the multipliers are indeed a little 
more heated, but I am unable to state their temperature. 

According to Boistel, the motive power required to drive 
this machine for 16 lights will be 13 horse-power (German 
standard).* The velocity of rotation of the division ma- 
chine will be 500 turns per minute, and that of trie exciting 
machine 1,375 turns. In the form of the machine intended 
for 8 lights, the force employed is 7 horse-power, and the 
speed of the division machine 550 turns ; that of the exciting 
machine 1,375 turns. In the form for 4 lights, the force 
used is 4. horse-power, the division machine making 600 
and the exciting machine 1,100 turns per minute. 

Boistel thinks that, by some slight modification, the 4-light 
machine might be arranged for 6 and the 8-light machine 
for 12 lights. 

* It seems that the "horse-power" used as the unit in Germany is of 80 



1 1 o ELECTRIC LIGHTING. 

The principle of Siemens' machines is based only on the 
inductive reactions produced by the passage of the spires of 
the multipliers before an electro-magnetic inducer, and under 
the influence of a tangential motion. This is not precisely 
the effect produced in Faraday's classic experiment, and the 
direction of the currents produced is even different from 
what it should be, according to the generally received no- 
tions of induction. I have studied in detail these different 
kinds of inductions in a paper presented to the Acadbnie on 
the 24th February, and the substance of this paper will be 
found in Note A at the end of this volume. 

We have lately visited with much interest a large esta- 
blishment which Siemens Brothers have organized in Paris, 
at No. 8 Rue Pitot, for the construction of those machines 
under the management of Boistel. 

JablochkofTs System. — Jablochkoff has also con. 
structed an induction machine with reversed currents, and 
with means for divid- 
» s s r in S tne h'ght, which 

is intended to admit 
of being more easily 
cleaned than the 
Gramme machine, 
and to work with less 
motive power without 
becoming heated. 
For this purpose Jab- 
H s n s lochkoff uses for in- 

Fig. 36. ducers a cast-iron 

toothed wheel, hav- 
ing the teeth slightly inclined to the direction of the axis, 
and separated from each by a rather wide space. A coil 
of wire winds between these teeth in the manner shown 
in Fig. 36, and- when this is traversed by a current the 
teeth assume alternately opposite polarities, which convert 
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the system into a kind of electa o-magnet with numerous 
poles, acting like Lontin's magnetic pinion.. The induced 
6ystem is formed of a series of straight electro-magnets 
b b, with expanded poles, and placed parallel to the axis of 
the wheel crossing its teeth ss,nn,ss, so that when at one 
end they are in contact with one tooth, at the other end they 
touch the next tooth. As these teeth are polarized alternately 
in opposite ways, it follows that for a certain position of the 
wheel the electro-magnets will be polarized north-south, and 
this will give rise to magneto-electric currents in the coite 
which surround them; but when after leaving this position the 
different parts of the polarized teeth are brought before the 
different parts of the induced coils, there will be produced 
these reversed polar currents and dynamic currents which 
will carry on the magneto-electric action and augment it, as 
in the machines of De M£ritens. Thus, by very simple 
constructive arrangements, a relatively powerful induction 
machine is obtained. In the form of the machine working 
in JablochkofFs establishment, there are 36 induction coils, 
and these are so joined as to give three series for tension, 
each formed of 1 2 coils joined for quantity. There are, of 
course, 36 teeth to the wheel, and under these conditions two 
Jablochkoff candles are kept lighted, with a motive power 
equivalent to that of two men, but under the influence of an 
induction current coming from a small Gramme machine. In 
this way the current from the Gramme machine is transformed 
under favourable conditions into alternately reversed currents. 



COMPARATIVE EXPERIMENTS ON THE EFFECTS PRODUCED 
BY THE DIFFERENT ELECTRO-MAGNETIC MACHINES. 

The study of the comparative effects produced by the 
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of great importance, and this has been so weD understood 
that at various times there have been instituted experiments 
upon it more or less conclusive. As early as 1855 Ed* 
Becquerel had made an important investigation on batteries 
as regards this point, and the work was continued by Tresca 
at the Conservatoire des Arts et Metiers with the magneto- 
electric machines of the Alliance Company. At a later period 
these machines were the subject of laborious investigations, 
conducted by Reynaud and Degrand at the Directory of 
Lighthouses. A more profound study of the question was 
undertaken by Le Roux in 1865, and this was the subject of 
a very interesting communication printed in the Bulletin de 
la Societe d* Encouragement (tome XIK 9 page 699). Tamin, in 
conjunction with Rogers, examined from a scientific point of 
view the work produced by the same machines, and in 1877 
Tresca, in a paper read before the Academic des Sciences, gave 
a complete investigation of the effects produced by the 
Gramme machine. At length the success of these machines, 
and of their application to lighthouses, so much attracted the 
attention of the English that in 1877 they considered it 
necessary to appoint a Commission of Inquiry to examine 
this question. This Commission was composed of Tyndall, 
Douglass, Sabine, Edwards, Drew-Atkings, and Minster, with 
Douglass as reporter ; and it shortly afterwards published a 
Report, known as The Report of the Trinity House on the 
South Foreland Lighthouse, and this was for some time re- 
garded as the best authority on the subject. The Americans, 
however, were also desirous of examining the question, and 
the Franklin Institute, after an invitation to the makers of 
machines to compete, which was responded to by only three, 
appointed a Commission composed of Briggs, Rogers, Chase, 
Houston, Thomson, Rand, Jones, Sartain, and Knight, and 
this Commission, subdivided into three committees, presented 
a double report, which was published in the Bulletin of the 
Franklin Institute. We shall give the numerical results from 
this report after those of the English Commission 
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Notwithstanding the importance of these documents, we 
believe the question is far from having been settled, for we 
find that in them the spirit of nationality has played so h»rge 
a part that they cannot be implicitly trusted, N6r can we 
rely on the figures given by the several makers and inventors 
of the machines. Not only are the majority of these indi- 
viduals without the scientific acquirements necessary for 
exact result?, but there are personal interests the influence 
of which it is impossible to eliminate from the statements 
put forth, and for my part I believe that we must deduct a 
great deal from the results which have been announced. 
Amidst this confusion it is difficult to see where we are, and 
it is much to be desired that an international commission 
should undertake to completely clear up the question. In 
the meanwhile we give the results obtained by the English 
and American Commissions in the two tables on pages 123, 
124, and 125, and to these we shall add a third table, drawn 
up by Shoolbred, from the most recent experiments. 

la order to define the values of the figures in these tables, 
we must mention that the standard for light adopted in them, 
and denominated a candle, represents the light of a spermaceti 
candle, having an intensity equal to eight-tenths of the light 
of a bougie de I 'Etoile. A Carcel lamp represents about 9 J 
candles (9*6). 

In the table of English measurements mention is made of 
the condensed radiating power and of the diffused radiating 
power. It is important that these expressions should be 
understood. The condensed radiating power, as we have 
already indicated on p. 21, is applied to the light given off 
by a continuous current between two carbons, one of which 
is hollowed out in a cup shape and so turned as to act as a 
reflector, and to emit the light externally with increase of the 
illuminating power. The diffused radiating power is that 
which is produced by a light between two carbons without 
a cup-shaped hollow. 

In the American table mention is made of foot-pounds : 

8 
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is connected with the contact itself, while the other com- 
municates with a hand circuit-breaker, i. The former receives 
the wire of the corresponding magnetic system, the latter 
the wire which leads to the electric lamp. Moreover, the 
various contacts ate themselves provided with handles, which 
connect them two by two and enable an instantaneous union 
or separation of the partial currents to be made. 

This machine has for some time been applied to the light- 
ing of the terminus of the Lyons railways, where it supplies 
31 electric lights. These lights are produced by a single 
electric generator and from two induced systems of 25 coils 
each. By joining these coils together, and interposing in 
each of their circuits several electric light regulators on the 
Lontin system, it has been found possible, by a combination 
of the coils suitable to the length of the circuit, to carry to 
31, as I have said, the number of illuminated points, each 
equal to nearly 40 Carcel lamps. 

For six months these machines have been established at 
the terminus of the Chemins de Fer de POuest (Saint-Lazarc 
station), where they supply 1 2 lights, two of which, placed at 
the entrance to the station, are 700 metres from the machine, 
a fact that triumphantly replies to the objection made by 
some persons to the use of alternately reversed currents, 
which, according to them, would be incapable of producing 
light at a greater distance than 200 metres. 

Gramme's System. — This system' is merely a modifica- 
tion of the foregoing, only the induced apparatus is formed 
of a rather long iron cylinder fixed horizontally, as shown in 
Fig. 34, and otherwise arranged like the ring in the same in- 
ventor's machines. All the small coils, however, a a, which 
surround this cylinder, instead of being attached to a col- 
lector, are distributed in four separate series, each connected 
with a particular circuit, so that they successively supply the 
current to four different circuits. The inducing system is a 
kind of magnetic pinion formed of eight straight electro 
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inside of the cylinder, as in the 
rtiich, being of contrary polarities, 
h section of the induced coil cur- 
This inducing system is excited 
te that described on page 74. 
;hines which supplies the currents 



Fro. 34. 

f the Place de V Opera, the Avenue 
Thidtre-Franeais, Four machines 
pose ; one is placed in the cellars 
;hers in cellars near the middle of 
1 the fourth is set up in one of the 
■ du Tkkatre-Fran$ais, 
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of which are wound the induced coils. These coils are 
wound to the shape of a spindle with a curvature so calcu- 
lated that the four angular parts of the cores are nearly on a 
level with the external spires of these different coils, and 
therefore are able to pass the inducing poles at a very small 
distance. The frames are also so arranged that the angular 
and uncovered parts of the cores retire from each other so as 
to present themselves conformably to a spire of a coil. It fol- 
lows that the magnetizing actions are produced successively, 
and that the currents due to these actions, as well as to that 
between the wires of the coils, 
are always of the same inten- 
sity in the different phases of 
each revolution of the ring. 
The induced coils are, more- 
over, wound in directions al- 
ternately reversed, in order to 
obtain currents in the same 
direction in each half of the 
ring. Finally, these coils are 
joined to a collector exactly in 
Fig. 3I . the same way as in Gramme's 

and in Siemens' machines, 
and this arrangement allows continuous currents to be 
obtained. 

The inducer has also the same arrangement as that of the 
Siemens machines, and the induced current traverses it in 
its entirety as in those machines. 

Experiments made in my presence at Geneva, in the work- 
shops of Turetini, who is the maker of these machines, 
showed that they have for a given velocity exactly the same 
luminous power as the ordinary form of Gramme machines, 
but they have the advantage of becoming very much less 
heated. In fact, it may be said that they are hardly heated 
at all. As regards construction, they also present some 
advantages ; thus, for instance, the uncovered parts of the 
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operation with the 
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J. Bellot, the maker of these machines, furnishes us with 
the following particulars : — 

"I have made two small bobbins — one a Gramme, the 
other with projections on Trouve^s plan. Each has 20 coils. 
The Gramme bobbin contains a greater length of wire by 20 
per cent. These bobbins are so mounted as to be acted 
upon by the same electro-magnet, which is wound with a 
thick wire of a length proportional to the Gramme bobbin. 
This last is perfectly insulated ; there is no loss between the 
coils ; but it happens to be otherwise with the former, where 
some of the coils are in communication with the iron. 

" In spite of these disadvantages I obtain a much better 
result with the coil having projecting pieces. 

" The core of the coil, with projections, is made of four 
sheets of iron, cut and riveted together so as to form a single 
mass, which was finished on the lathe. This core is wound 
with 75 metres of wire of 0*65 millimetre diameter. With 
a velocity of rotation of 1,500 turns per minute I obtain a 
current equal to that of 8 to 10 Bunsen cells. There is no 
heating, even when no resistance is interposed in the ex- 
ternal circuit." 

Lontin's Machine. — Lontin's machine has a special in- 
terest for us on account of the complementary machine by 
which the effect is divided, and which is the first machine of 
the kind ever invented. As we shall discuss this kind of 
machine in a separate chapter, we shall here have but a few 
words to say about the generator properly so called, which is 
represented in Fig. 32. It consists of a core or iron drum, on 
which are fixed a large number of iron cores in four rows 
placed obliquely. These cores are furnished with magnetizing 
coils, d d d, wound for tension in such a manner that the end 
of one coil corresponds with the beginning of the next. This 
system, called by its inventor a magnetic pinion, is mounted 
on an axle so as to turn between the poles of a powerful 
electro-magnet with flattened branches, a a, constituting the 
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to any required degree. For this purpose pieces of iron, 
movable in a kind of groove, have been adapted to the poles, 
and can be fixed at a greater or less distance from the wires 
of the magnetic pinion. Secondly, the collector is placed 
apart from the axis of rotation, so that the machine may be 
covered up and protected, and in order to accomplish this it 
was necessary to make the communications through the axis 
of rotation, and the contacts of the collector have been so 
arranged as to enclose it on the two sides of the axle under 
a pressure produced by a counteipoise p. The rubbing parts 
themselves are made of an alloy of lead and zinc, and fitted 
to elastic metallic supports. 



MACHINES WITH ALTERNATE REVERSIONS OF THE CURRENTS, 
ESPECIALLY APPLICABLE TO THE DIVISION OF THE ELEC- 
TRIC LIGHT. 



For a long time it was a matter for complaint that the 
generators of the electric light could supply only a very 
limited number of lights, and the desideratum generally re- 
quired was the construction of a generator capable of furnish- 
ing electricity to several derived circuits in quantity sufficient 
to maintain lights in different places. Although several com- 
binations for solving this problem were long ago proposed, it 
is only recently that the solution has been accomplished in 
a satisfactory manner, both as regards the generator and as 
regards the lights themselves, and we are indebted to Lontin 
for this important novelty. 

Lontin's System. — Lontin's machine for the production 
of light succeeded not only in dividing the electric light, but 
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also in so dividing it that the total intensity may be dis- 
tributed among the several lights as occasion requires. 



In principle this machine consists of a series of electro- 
magnets, fixed in the interior of an iron Crown placed ver- 
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tically, having in its centre a rotating electro-magnetic system 
composed of as many magnetic cores as there are electro- 
magnets on the crown. Fig. 33 shows this machine, in which 
the rotating interior electro-magnets represent the inducing, 
and the fixed electro-magnets the induced system. 

The inducing system, which is merely the magnetic pinion 
of Lontin's generators already described on page 98, is com- 
posed of an iron cylinder to which are riveted a series of iron 
plates somewhat resembling the teeth of a pinion, and on 
these the magnetizing coils a a are wound for tension. In 
order that the spires of the coils may not shift under the 
influence of the centrifugal force, and of the elongation 
caused by the rather large amount of heat developed, the 
plates of iron forming the cores are thicker at their free 
extremities than at their points of connection with the iron 
cylinder, and this greater thickness plays the part of retain- 
ing discs for the spires, which are further maintained in their 
position by abutting against horizontal iron pieces mounted 
on two bronze wheels. Finally, the coils are so wound that 
the polarity of the cores are reversed from one plate to the 
other, so that the motion of the drum brings magnets of 
alternately opposite poles before the iron cores of the induced 
system, which thus receive alternately reversed polarizations. 

This inducing system is of course magnetized continuously 
by the dynamo-electric generator, which we have already 
described, and which may be mounted on the same axle. 
Another machine may, however, be substituted for this 
generator; or even a voltaic battery may be used, but in 
that case the conditions will be very disadvantageous as 
regards economy. 

The induced system is composed, as we have seen, of a 
large stationary iron ring, fitted inside with a series of iron 
plates fixed transversely, like the teeth of a wheel projecting 
internally, and surrounded with magnetizing coils, b b b. 
These coils are connected to each other in couples, so as to 
form a complete electro-magnetic system, and their free ex- 
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tremities end severally in the commutator m, which enables 
all the currents they supply to be drawn off separately or col- 
lectively by means of the rubbers a s. Inside of this ring 
revolves the inducer, which is so arranged that the magnetic 
cores of the two systems pass each other without touching. 
Thus each of the induced systems is magnetized in opposite 
directions alternately ; for if one of the cores of the inducing 
system, acting on one of the cores of the induced system, is 
polarized north, the adjoining core of the induced system 
will be subjected to the action of a south polarity, and a cur- 
rent will always be produced in the induced system connected 
with the commutator. When the inducer has advanced, the 
polarities will have different signs, and a current in the 
reverse direction will be obtained. 

As the action we have examined will be simultaneously 
repeated in all the electro-magnetic systems of the induced 
bobbins, each of these is able to supply its own action and is 
independent of the rest, an arrangement which allows of the 
division of the electric effect. Supposing that each of the 
induced magnetic systems formed of two bobbins is capable 
of supplying a current powerful enough to maintain an electric 
light, the machine represented in Fig. 33 would give 12 lights, 
and if these were desired of different intensities, it would be 
necessary merely to take away currents from some of the 
lights and put them in communication with those lamps that 
are to be brightest. As the induced system is fixed, nothing 
is easier than to combine the lights in any required manner, 
and as there are neither rubbers nor revolving contacts no 
loss of electricity can occur. 

The commutator m is so arranged as to act on as many 
contact plates as the machine supplies currents available 
for the production of light. The number of these currents 
depends on the construction of the machine, and we have 
seen that the one represented in Fig. 33 furnishes twelve 
currents. There are therefore twelve contact plates, and to 
each of these correspond two binding screws, one of which* 
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is connected with the contact itself, while the oth er^c^ 
municates with a hand circuit-breaker, i. The form ^ 
the wire of the corresponding magnetic syS *fJ"' ove r, the 
the wire which leads to the electric lamp. ** J hich 

various contacts ate themselves provided with han . ^.^ 
connect them two by two and enable an instantane 
or separation of the partial currents to be made. ^ 

This machine has for some time been applie" to _ji es 
ing of the terminus of the Lyons railways, where i P 
3t electric lights. These lights are produced by _a ^^ 
electric generator and from two induced systems o 2 5 ^ 
each. By joining these coils together, and interposing 
each of their circuits several electric light regulators on 
Lontin system, it has been found possible, by a combmau 
of the coils suitable to the length of the circuit, to carry 
31, as I have said, the number of illuminated points, eac 
equal to nearly 40 Carcel lamps. , t 

For six months these machines have been estabUsnea 
the terminus of the Chemins de Fer de POuest (Saint-Lazf 
station), where they supp w 12 lights, two of which, placed at 
the entrance to the station are 700 metres from the machine, 
a fact that trium phanuy 'replies to the objection made by 
some persons to the use of alternately reversed currents, 
which, according to th would be incapable of producing 
hght at a greater distance than 2 oo metres. 
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Each of the currents produced by this kind of machine is 
able to light four Jablochkoff candles, and consequently each 
system of machines maintains 16 electric candles. There 
are, it is true, two candles lighted at once in each lamp in 
the Place de V Opera, but there is only one in the lamps of the 
Avenue de V Opera and in those of the Place du Theatre 
Francais. 

Experiment has shown that about i horse-power of motive 
force must be reckoned for the maintenance of each of these 
candles, which, however, last little more than one hour and 
a half. But to this subject we shall presently return. 

In Fig. 34 the machine is shown with one half in section, 
the other half in elevation. It will be seen that the electro- 
magnetic system is covered up by a cast-iron frame at the 
two ends, and by a casing of wood on the curved part. 

Gramme has recently constructed a new form of these 
machines, in which the thickness of the wire in the induced 
coils, their grouping, and their connection with each other, 
have been so adjusted as to supply the maximum effect with 
ths Jablochkoff candles, while using the least possible motive 
force. With a horse-power of 4 a machine of small size was 
capable of lighting eight caudles. 

This machine is moreover able to supply at pleasure 
8, 6, -or 4 lights. I n the former case it absorbs a horse- 
power of 4 * ; i n the second, 2 -8 horse-power; in the third, 
2-i horse-power. These lights are equal to 25 gas-jets, and 
the Jablochkoff candles which supply them have carbons 
3 millimetres in diameter. R ap i e / S machine, mentioned on 
page 81, is a machine of this kind 
thete i.^f J^ hm r eM ° f «« SodUt general d> Hectricite 
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Gramme, is formed of the two vertical crowns of electro, 
magnets, 1 1, vi; fixed parallel to and in front of each other 
and turning between them is the induced system constructed 
of as many galvanometric frames, g g, as there are electro- 
magnets in each of the two crowns. They are, of course, 
msulated from the cast-iron frame b b , on which they are 
mounted by means of ebonite plates, and they are so wound 
that a north pole is always between two south poles, and 
vice vers* It will readily be understood that the electro- 
magnets placed opposite to each other on the two supports 
are of opposite polarities, and that consequently a galvano- 
metric frame when it comes between two consecutive cores 
of this double inducing system, will be affected in four dif- 
ferent directions-first on the two faces of the multiplier, 

and secondly on the two parts opposite to the galvanome- 
trie frame. ° 

The induced system is formed of a bronze wheel, on the 
circumference of winch are fixed the 16 galvanometric mul- 
tipliers, gg already mentioned; these multipliers are wound 
on two wooden supports fixed between two plates of copper 
pierced with holes and having the sh / of finl [£ 

sectors. Each multiplier is com nn*»A c r .* cu 

>u u c , com P° s ea of 2$ rows of spires, to 

the number of 17 m each row anH tv»~ • 1 *• °F UC *> w 
o ^ ¥U f .,,. ow > ana the wire has a diameter of 

18 tGnt \ S ° f a milhmetre ' They have, however, no iron 
cores, and present exactly the appearance of a gal vanomeS 
frame. The, 'are fixed by their sides on the co^S 
and are fitted with such exarfn^e* ^ ^ppcr wneei, 

tw A- u 1 ut - n ex actness that one would suppose 

that the wheel was provided whh *■ , auppu&e 

ferences externally presenting c £u W 7t "^ drCUm - 
with each multiplier. The holeHn 1 notche « corres Ponding 
the purpose of admitting air t0 !'" * e metallic sides are for 
a precaution neglected in Fran.! k ™ ^ multi P li ers, 
machines constructed abroad. yS taken in the 

The central part of the wheel of *. ■ i , 
occupied by a thick circular J * C SyStem is 

wires by which the coils are LI *' whereon are fixed the 

<uc conneri-«^ <^«.u *»,- _.« 



and with each Cthen The combination c 
ever, is very s ^ the multipliers are 

Gramme mach ille? into f- our series, and -fc* 
are joined to gether for tension . 0ne of - % 
each series l eads tQ a meta ,ni c ring fixed <o 
tion of the wh ee l, and tlxe other ends 1 « 
rings insulated from each other, and press 
c in comn[ iUnication with the terminaL 
the four circuits corresponding with the ele<z 
circuits are completed by a connection vv^i 
presses on the ring, and is common to ^ 
The current of the exciting machine, whic^: 
the other, corresponds, however, with 3 s* ^ 
the two crowns of the inducing system, w 
nets are joined for tension, each being corx* ^ 
of 32 spires, in wire of 2 millimetres diam^ t< 
for the prime mover. 

A remarkable feature of this machine i s t 

of heating it develops. The inducing e l e < 

seldom higher than 30 C ; the multipliers ai 

more heated, but I am unable to state their , 

According to Boistel, the motive power x- e , 

this machine for x6 lights will be '3 borne., 

standard).* The velocity of rotation of th< 

stanuaru/. minute, and that < 

chine will be 500 turns P^™ 1 ^ of the ma< 

machine i,375 turns. horse-p 

for 8 lights, the force e ™£°f * tu L ; tha? 
speed of the divisxon ma ^ e 55 form for 4 U| 
machine 1,375 * urns - g division machint 

used is 4 horse ' pOWe hi n e 1 100 turns per mir 
and the exciting rria c ^ t modificat 

Boistel thiol- ^Snged for 6 and the 8 
machine mig nt D%= 
for 12 lights. he unit ir 



* It seems ^ te£l 

Aiiogramme* reS 1 
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The principle of Siemens' machines is based only on the 
inductive reactions produced by the passage of the spires of 
the multipliers before an electro-magnetic inducer, and under 
the influence of a tangential motion. This is not precisely 
the effect produced in Faraday's classic experiment, a.nd the 
direction of the currents produced is even different from 
what it should be, according to the generally received no- 
tions of induction. I have studied in detail these different 
kinds of inductions in a paper presented to the Academic on 
the 24th February, and the substance of this paper will be 
found in Note A at the end of this volume. 

We have lately visited with much interest a large esta- 
blishment which Siemens Brothers have organized in Paris, 
at No. 8 Rue Picot, for the construction of those machines 
under the management of Boistel. 

JablochkoflTs System. — Jablochkoff has also con. 
structed an induction machine with reversed currents, and 
with means for divid- 
■s s x s ing the light, which 

is intended to admit 
of being more easily 
cleaned than the 
Gramme machine, 
and to work with less 
motive power without 
becoming heated. 
For this purpose Jab- 
» s n s lochkoff uses for in- 

fig. 3& ducers a cast-iron 

toothed wheel, hav- 
ing the teeth slightly inclined to the direction of the axis, 
and separated from each by a rather wide space. A coil 
of wire winds between these teeth in the manner shown 
in Fig. 36, and- when this is traversed by a current the 
teeth assume alternately opposite polarities, which convert 



tVe q^eai into 
T<ta, string lij c< 

system \s form 

b b, with expanded 
the wheel crossing 




*> r electio-^a 
magnetic p j 
~~~~ of stTa 



F>«l^s„ and placed 
th s S, N N 



Pc 



ss. 



end they are in contact with one tooth ' ' 
touch the next tooth. As these teeth *' 



are 



P< 



c ert a 



in opposite ways, it Follows that for 

wheel the electro-magnets will be p / a • 

this will give rise to magneto-electric **** 

which surround them £ but when after ] e °^ IT 

different parts of the polarized teeth ar h^ 

different parts of the induced coi] s> th er T ° 

these reversed polar currents and dynami^ 

will carry on the magne to-electric action and 

in the machines of I>e JSXe'ritens. Thus 

constructive arrangements, a relatively p0 w. 

machine is obtained. Xn the form of the m 

in JablochkofT's establishment, there are 36 

and these are so joined as to give three ser 

each formed of 1 » coils joined for quantity. 

course, 36 teeth to the wheel, and under these 

Jablochkoff candles are kept lighted, with a 

equivalent to that of two men, but under the 

induction current coming from a small Gramrr 

this way the current from the Gramme machin 

under favourable conditions into alternately re 



^n^^c* ON THE EFFE< 
COMPARATIVE EXPERIME !;^ TR0 . MA N ETIC 
BY THE DIFFERENT ELEC1K 

^^rative effects pi 
The study of the c ompajat ^ electric , 
different machines suitable J~ 
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of great importance, and this has been so weU understood 
that at various times there have been instituted experiments 
upon it more or less conclusive. As early a* 1855 Ed - 
Becquerel had made an important investigation on battenes 
aS regards this point, and the work wats continued by Tresca 
at the Conservatoire des Arts et MM*** with the magneto^ 
electric machines of the Alliance Company. At a later penod 
these machines were the subject of laborious investigations, 
conducted by Reynaud and Degrand at the Directory of 
Lighthouses. A more profound stuay of the question was 
undertaken by Le Roux in 1865, and this was the subject ot 
a very interesting communication printed in the bulletin ae 
la Sociite d Encouragement (tome XI K, P^ e 699). J ancun ' "} 
jconjunction with Rogers, examined from a scientific point o 
view the work produced by the same machines, and in W7 
Tresca, in a paper read before the Acad&mie des Sciences, gave 
a complete investigation of the effects produced by t e 
Gramme machine. At length the success of these machin T^ 
and of their application to lighthouses, so much attracted t 
attention of the English that in 1877 they considered 
necessary to appoint a Commission of Inquiry to e% ^°^ 
this question. This Commission was composed of Tynda • 
Douglass, Sabine, Edwards, Drew-Atkings, and Minster, wi ^ 
Douglass as reporter ; and it shortly afterwards V xlblis ^ 
Report, known as The Report of the Trinity House of* * 
South Foreland Lighthouse, and this was for some tfc* e 
garded as the best authority on the subject. The American j 
however, were also desirous of examining the question, * f 
the Franklin Institute, after an invitation to the makers 

machines to compete, which was responded to by only #**' 
appointed a Cm-^- • j <* rha£ e > 

Houston Th miSSl ° n com P° sed of Briggs, Rogers, Cn 

this ^omm ° mSOn ' Rand> J ° neS> Sartai ^. and KnigU ' £d 
T^T lOU9 subd ™ded into three committees, V*f % 

Franklin I,££ t Whidl WaS pUbUshed in the B ^?«** 
.1,:. ...^ l tltute - We shall give the numeral results V° 



Notwithstanding the £mr>ortan Q ^ 
believethe question is £&lxt from ^ o^ 
find that in them the spirit: o£ nat£ v i^ 
a part that thejr cannot l>o imp/ 7 ^.^>^ 
rely on the figures ^iven by thes^lj* e ^ 
of the machines. ^sTot orilx ar e f » e ^/ ***< 

viduals without trie scienti/ic «c& *^ *** 
exact result.-, but there are F^j! 1 ^ J^J* 
of which it is imr>os>sit>l^ to e//^. * 7 b*^*^ 
Put forth, and For my part I belj ev * f e r^^s 
great deal from the results whi^* * f/ ^e 0/> > < 
Amidst this con fusion it is difficult t v <* !**** 
it is much to be desired that an / ° &e e ^ e<? * 
should undertake to completely c/ea/^&b/Jf* * 
the meanwhile we give the re$u/fc o6 * ?-*> th e 1 ^ 
and American Commissions in the two Gd ^ t*^ 
124, and 125, and to these ire shall add ^^ °° ^ 
up by: Shoolbred, £rom the most recent e * '^ t ^^ 
border to define the values of the figu*^'*'^** 1 
we must mention th^tt the standard for lighted 1 * tl *^ 
and denominated a etz/tsff*, represents the light of**^*^ 
candle, having an intensity equal ro. eight-tenth * ^* 
°f *. bougie <Ze /*l£*0*fe. A Carcel lamp represen t^^ 
candles (9 6). S 

* n the table of English measurements mention * 
the condensed /-&</*&***£- J><?zver and of the tt/tfus-e^^* 
power. i t j S important that these expressions ^^ 
md ^Tstood. The condensed radiating power, ^ s 
a/ready indicated on p. 21, is applied to the ligHt: 
. b ^ a continuous current between two carbons, orx^ 
flowed out in a cup shape and so turned as tQ 
.*'***, and to emit the light externally with m«^ a 
lllmi *ztins nower rt di/fused radiating pow^ 
whic h 7 aD *P ow ? r ' The d H fit ,vcen two carbori s 
% * ls Produced by a Ugh* be*** 

P^apedhoIW. n is made of ^^ 

rhe American table m erlt 
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.. , corresponds with our 
this is the unit of moving force wh ? cl V^ mrtl etre divided by 
kilogrammetre ; it is equal to a kilogram 

7' 233- r .u -c- i- u r-„^.i-nissi° n assigned the 

The Report of the English Con^£ A 

superiority to Semens machme (small fo g^ 

Tyndajl tins form is best adapted for cx> ^ 
chines, and in proportion to its small _ s e 

enormous We must remark however , £* ^ |™ 
in the table on pages 125 and 126 for the »ne, 

relate to machines of the pattern of 187 5- "O"' ^new 
patterns of 1876 have given results infinitely superior, not 
only with regard to the yield of the Gramme machines tried 
in England, but also with regard to the Siemens machines 
extolled by the English Commission. According to the ex- 
periments made in France the values relating to the Gramme 
machine should be rectified as follows :— 

With a machine weighing 175 kilogrammes, making 850 
revolutions per minute under a motive power of 2^ horse- 
power, the condensed radiating power would be 4,297 
candles, and diffused radiating power 2,590, which would 
give for each horse-power 1,719 for the condensed and 1,036 
for the diffused radiating power ; the Gramme machine 
would then take the first place in order of merit. 
The following are the conclusions of the American Com- 

ission : — - ■ 



mission :- 



Af er having carefully considered all the facts noted in iH* 
reports which have been submitted to it, the Commission. h*! 
unanimously come to the conclusion that the small form *. 

f^ r " S G^ m t ,ne, alth ° U « h in ■«• res P eCtS leSS ec ^c^ 
the Gramme machine or the large Brush machine 7JT 

general production of l ight ^ a of electric currents, ?*J" ? € 

y or the following reasons :— 
of ^dSfeSjtj? 7 - arranged f ° r *? Pr ° dUCtion " «« 



p>a.itsof the machine 
tors; and, moreover^ 

To us it appei 
ixititatorscan reali^ 
and we believe that 
the realm of sci^rxtif 
tical use, the concl 
Vfe think, too, that 
America than in 
several American 




*^^ 



S^d 9 



it 



^ 



advan^ ^ 



if* this machj **f> 



experimeof 



would r<3 J 

question f***^ 

- '' ?*«**** 

of science * ^ 



O/* 



*J oh n Trowbridge, in tine &*r/e**t*$c 4 % 
thus expresses himself on this subject.^ ****** 

With regard tothe electric light America • 
the progress recently made, and uniess S om e & **** **% 
in this country and sanctioned by the Patent rMJ^^r^ ^ 



«k 



novelties here. 



om 



ce. 



*e 






This inferiority exists not only in Ine num . 

which have been brought " before the public, but * ' ,**" ^et 

the dynamo-eleetric machines. We see in Europe* in the * 

forms of Siemens' machines, those of Gramme, oUvh'^h by s * 

is merely an interesting" form, and which have been s Schu ^ 

alternately reversed currents, a condition necessary for th^^ 

tion of the carbons used in the electric lamps. \y e ^^ 

machines, which give the same results. It seems thatT* ^ 

quantity of lignt less motive force is required with the f or °- °^ 

American machines, and a lower velocity is required for work** 1 

is a great advantage. ^ 

America has not yet been able to produce an electric r e 

as well as that of Serrin, and the foreign carbons are superb* 

with here. We have not yet seen the carbons metallized 1^ 

processes, which prevent their heating beyond, the point of 0c> 

wh, 'ch have long been known in France. The Brush lamp ^^ 

^P the best known in America, answer well for the purj> Q 

'Nation ; and in this country there are not more than a d, 

flighted by the electric light, while on th^coati 

.^aed by hundreds. Nor has ; iJluminaUon by mcandeso^ 

l^whether the carhons ha .v. 5— jfS^i^S 
^ether wires of platinum and ^l^ pieces or crack 
tune 9Ve been used ^e carbons ^ wever , the two plans 
menfl 0r P erha P s *&e fljetei fuses. _.^T- e s, have been tried i ; 



\ 
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l^e conclusions of Elihu Thompson &lT*& J- Hudson are 
ever , somewhat different, and in o** r opinion more 
. ec t. They are separately stated in *t*i s vr&y:— 

»_ The Gramme machine is trie most: economical as a 
jJt*s of converting motive force into electric cu "tnu-, \t 
iWzes in the arc from 38 to 41 per cent. o f the motive work 
rodvtced, after deduction is made for friction and the resfetatu* 
f trie air. In this machine the loss of po^r i* u e to friction 
xnd to local actions is smallest, doubtless ° n acco °nt of its 
smaller speed. If the arc is maintained in its normal condition 
scarcely any heating is produced in the m^c hine > and the pre- 
sence of sparks at the commutator can hardly De P er ceived. 

2 °. The large Brush machine comes second in the order of 
efficiency. It produces in the luminous arc useful work equiva- 
lent to 31 per cent, of the motive power employed, or to 37 j 
cent, after the friction has been deducted. It 1S > J n fact* £ \ 
little inferior to the Gramme machine, but it has the disadVa 
tage of requiring a very high speed, and consequently " th J*" 
occurs a greater loss on account of friction. This disad van/ 
is, it is true, compensated by its power of working with a j^e 
external resistance compared with the internal resistance i3 ^ 
generator, and tins, ma manner, does away with the heaths * 
the ^»^7« *** ma chine> moreo / hkh **n* of 

^^S^S*? ^^ m ° St intens * currents * lVe » ■ 
3 . The small Brush machine ranks *w„a -*w « , 

in the arc estimated at a 7 per cSf^Si^l Wo fk 

p,oyed, or 3 x per cent, with deduction £ Son aT* e «*- 

this machine is in some resDect* ,„<■ • mctlon - Altho,^., 

chine, it is nevertheless admTrablv £?!* IV* Gl *«*me^ 

of ourrents of intensity, andT£ n ^ ,? *" ^ P^UcIT*" 

£ very different electro-motivl ^ ™ ade t0 produc * c u ^ ° n 

this machine, the electro- mot ve £** By SUitab ^ ^n**' 8 

o 1 2 o volts, and the currents it prlT* ""* * inCreaSe « fro,!" 18 

wo circuits, an advanta«* " produ ces may be divided ul m 55 



"its, an advantage V roauces m *Y be divide^ k"^ 1 S] 

machines. The J^' ,?° vv ever, which is p 0S s« ^een 

jollities for repaut^P^y c f the commaS^* by 

advantages to ^ <* ^ the arrangement alW **<* the 

™ < ZF5m°~ not P-oduc 1 ^ ^deration. This' *** *Uo 

4 • Wallace Farter's d<l Ch heatin *- ^*C 

° es not yield in the WO rki n 



so large a proportion ox" the motive r>o^er ^ 
chines, because it uses «o a larsre z^art or ft s ^ 



work and in a small soace, ix* consequence Q \ 
been sacrificed in the production or local a ct ( r ^ 



this defect a very good machine mi&lit oe^ 9k ^ 

We regret that a. machine of the Sie/w^ $f* ^ 
placed at our disposal- Whatever may £ e , ji ^ v 

minations would have heen of impfortaj^ \ ^V * 



for a machine so well known and in wh/ c i * K ^ 

>rinci pJ V ^> 



ture is so different as regards its p>rinc/p/ ,„ Y 

other machines, and which, by the maijjj^ /^ * *^> 
theoretically favours the work. %°V>** 

Thomson and Houston point out that it *V* 

compare the results obtained by them i?/^ *t % 
lish Commission it is necessary, on accou nt °$*** 
arrangements of trie cartoons of the regulator ° f ^^% 
English experiments, to divide by 2 -8y the *<$ **\ *^ ^ 
senting the condensed radiating power. Sr^*^^^ ^ 
obtained to represent the luminous power i* **^* ^^^ 
machine would be too great, being 438 candI Q ^l^*^** ^ 
found it to be only 383 candles. This circu^* \^^ ^ 

that we cannot trust entirely to all these Ggu t ^ ***> *^ ^^ < 
number these gentlemen have found to beto ^* $1^ ^^^^ 
us in France to be much too low. In all j4 e ***§>>** *l****^ 
measures there is evidently a sad want of ag^ ^ £>/* ^ **^ ^ 
shows that all the experiments must be rep eat ^^^^^t^^^ V 

In the meantime we think that we ought t ^3. ^**€; ***^t* 
the results of experiments made with the Gr^ *e c ***>/ * 

by several French engineers and men of scierj^^*****e °*<c* C ' 

are a sure guarantee for their accuracy. V ^Os^^/\^r 

We shall begin with Tresca's experiments, e **^*>f*** 

Sautter & I.emonnier's, with two Gramme mac^^ci e s 

and the small form, which, driven with a v e i 0c ^ es * th^^t 
turns per minute for the large form and 87 2 ^ y °f ^^-^ ^ 
small form, yielded respectively light equal to t ^^ f^ * ^ ^ 
Carcel lamps. I have gi Ven in my Exposk ^ ' 5o a*^ v^ ^ 






n8 



ELECTRIC LIGHTING. 



(Tttedricite, tome K, p. 542, the details of these experiments, 
and I shall here content myself with indicating the results. 

According to these experiments it would follow that the 
mean work in kilogrammetres per second of the large machine 
is 576*12, or 7*68 candles, which gives for a light of 100 
Carcel lamps 0-415 horse-power; for each light per second 
0*51 kilogrammetres. For the small machine this work is 
• 210*65 kilogrammetres, or 2*81 horse-power, which gives for 
a light of 100 lamps 092 horse-power, and for one lamp per 
second 0*69 kilogrammetres. 

"The machines," says Tresca, "worked with regularity foT 
a time sufficiently long to show that there was an absence of 
all sensible heating. The work expended varied very little 
during the course of the different series of experiments, 
although one of the determinations had been made after the 
machine had been driven for a long time. 

According to the experiments made at Mulhouse by Her- 
mann, Ducommun, and Steinlen, who now use this method 
of lighting, each of their lamps, which supplied a ljght of 100 
lamps, required only 1-65 horse-power of mechanical force 
to be expended. 

Experiments made by Schneider and Heilmann with several 
machines gave the following results : 



Description 
of Machine. 



Machine B 

Machins B 
Machine B 
Machine A 
Machine C 
Macltine D 



Number of w , Luminous in- 

turns per w °J__ e . x P c _ nde( * tensity measured Remarks on 

_by Bunsen's the Regulators. 



turns per . „ r — •——»» 

Minute. ln Horse-power. 



816 

816 
804 
810 

763 
883 



TTQ2I 

1*921 
I 980 

1849 
1833 

1360 



Photometer. 
95*6 

122*2 

86 8 

85*3 
103*2 

687 



( with ground 
I glass globe, 
without globe. 



These last results are less favourable than those obtained 
by Tresca j but we must not lose sight of the fact that he was 
operating under exceptional conditions, and had perhaps not 
taken into account the condensed luminous power. From 





ltityof 

■* A>r the ( 

- these re 
be admftt, 



■i lamps may *-"*" 
foralig ,ltof , 00 Carcei ^ d reC koni 
. 92 and 180 horse -powe , ^ that 

these, i47~-a number Carcel 1; 

an d Duoommun— we h» rotations per- - 
D o%ver, with a speed of »5 ■ be lo3 laor»: 

; o Tresca's figures this ^" nts made v^ x 
. According to expen shops , the <=i 

candle in Jablochkoft s Resented by ^ 
horse-Power would be «" k z8 or 30 U 
l ;° a chinesof De M^^igW t * 
machines, and by 3° 5 >r . 1 f at the real vaL 
It will be perceived tb«* it must 

bv nc means agreed «P on difB oult to n"* 3 "* °" account 
Se experiments are ^^it considerable durance 
luminous effects, -whicn _ 

• moment to another. attention to one import* 

one moment to rea der s - be results yielded b 

We must call m ^^ orx ^ concentrated ordiv -; 

mark that has ^ the ugi expe riments that have 

machines accorcn s cornpa ra-tiv ^^ motlVe pOT 

According tot tl ^ » £ hea it is divided * 

made, it wo ° l * X the sa^e hg ^ ttated a t one point 

required to obtam ., C o ^ January , x s 7 

several lamP s ^^ t*!«* ° f 

the O^'"' ^ . vateB t to 1 5 ,<~° c f"tV 

read thus :- ( latnf «<££,een five Ijmg £~ , 

use five or *£ a »»?g^^* .£ a«d e*^ "• » a "* € 
as to P rod ^t>er o f d -«««teTP a * t . -essive «»^„ toeYO , 



tb e same m° tit *tes »* a «d er , th is _P tba 

use five or *** a »»?g^^* .£ a «d e*^ "• » a "* € 
a* to P rod "^e^ of t t counterP^ rogr e S ^ s ^ be yo. 
with the «JV2 *«**£&* *° £?tf li«^ * 

units for * _ 
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will diminish, not in direct proportion, but i^ progressive Pro- 
portion to the excess of power employed. Thus, if So horse- 
power are required to produce i 5> ooo units °f light at one lamp, 
and if the light is, by division, reduced to W° « nits, 1 60 horse- 
power will produce not simply 400 units, but a. much larger pro- 
portion, which will increase, not by addition but hy multiplication, 
in proportion to the excess of power employ***- Jt 1S > theref <f e > 
not impossible to obtain a divided light with a, <*rtain tensity, 
but on condition that the quantity of electricity produced shall 
be raised to a power much greater than that which will give a 
single light representing the same number of candles. 

The question is to ascertain the proportion between the two 
terms, that is to say, whether the amount of power required for 
useful division be not out of proportion with the result obtained, 
or in other words, if enormous apparatus would not be required 
for an inconsiderable effect. This reduces the problem to the 
total cost of erection and maintenance. The question may be 
thus stated : If 80 horse-power produces a light of 1 5,000 candles 
in a single lamp, how many horse-power would be required to 
bring up the light to the same value of 15,0°° candles when 
dmdedamongseveran^ps? 

Poison is seeking f or the solution of this problem, which it 
would seem he has not yet found. This is the one important 
question. Edison has also to invent a generator of unheard-of 
™t^ nd u n ^ ^ says he is sure of succeeding. But in the 
meantime he has to trv those which are at present in use, in 
ZTsZw^* to W which comes nearest to his ideal, that it 

y PPiy the tnost advantageous data for constructing his own. 



EFFECTS 0^ 

^ F I^HE resistance OF external CIRCUITS. 

* 

If we wero «. • , 

sistance Q f !L *° take into consid eratlon only the proper re- 
is evident t K Coil ductors comp° sin g an external circuit, it 
the gen ei . a ,_ at the ma *i m nm of electric intensity, yielded by 



the electric US' 1 *' s ^tojoul., b ^<^?;* „' 

have seen that, =«= of J»»f ustf 6^ «£ * 

fore, the resists j p aoj/».<N- 

conductors B the ^fjdes, be remembered that , h « 
Mils •«= ° us t, ^fJLnce of the cireuit, bydirr>i„i 
"■*"**• Hl£U ^^urrent, diminishes the en ^, 
oftheunutili* leC tri<= ■■ . t t he motor, ancl t,^ 

■ftf ^—°ws is- - r of rf ~~ 

mechanical re ' ate r spee" in , of course, «=>«= 

it to >cq»i« *3. The ™«^ iois bes instead •»*" « 
sty k „ m^ ke f tbe aremt dim expe riment» ma. 
the resistance «' „,„,„ of so» ' „„„te. Be 

The foll°»**f w iII illustrate tn ing ,he mat^x, 
South Forel»" d " bl , M , og <=°^ed for *e ele 
lighthouse »»<** , here »ere ^eh W~*^^ 

three cables, ;rnl ; h3 m ;„£ »* „„,, or a.t>c 

constitute tne t greatest 

»i.h a resistance ofo _3^ f^teiat x6v. 

» metres of t*WP* *, „t»*£ e .«»^ resi«= 

With Holmes' mad.in it y^ ^ uC n 
little*, of l"n.nous>o« > c . 
»ith the Gramme roa<= 




r tine least * 
=,w\g a cable o* 
,et cent, vattv ^^ 
cent, vrtven.by <»U 
, tneir tota\ 
ploy tnent of this 
liance machines 
jht, and -with Holm 
«t. With two Holrt* 
5 "5 per cent These 
der to realize the 
1'ght, the resistance 
«*n relation to tH a t 
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JZLECTRIC LIGHTING. 



• FOR EVOLVING THE ELECTRIC LIGHT. 



Lced between carbon electrodes. — We 

ining of this work that the electric light was 
t passage of an electric discharge or current 
us or solid body having a conductivity suffi- 
become incandescent from the enormous 
by the passage of the electricity. We saw 
ir to obtain this light under the most favour 
it is necessary to use electrodes made of sub- 
of disintegration, and of ready combustibility, 
substances carbon is that which yielded the 



r 



>vho first conceived the idea of using carbons 
r producing the voltaic arc, but these carbons 
charcoal quenched in water. These were, 
ckly consumed that other physicists endea. 
titute a more durable form of carbon for the 

wSS^SSf fir S to m * ke use of that 

as-making P He e t t, m i! ^^ ° f ****** 
r durability. tlWS obtain *d * voltaic arc 

^iSf„^t y a, a rrr ob3ecUo " abie ™ «— 

. which caused The H^ U ^ admixture with 
The carbons were 5 * produc ed to be far 
fusion of the sili c °y ed a *so in conse- 

nerally emitted varT OUS matter contained in 
in the arc, carri eci off UrS wl } ich > being better 
ious discharge. a port ^on of the current 

at by suitably choosing ^ 

rom the uniform portT hese carbons, and by 
obtained; but th;. -_ ns of the deposits. *ood 



- f para tl> ^ 



Of? THE ELECTRIC J^Z<y&T*. 



I2< 



^ \>eetv °^^ 

Yastong^ pplkauoty^^^ to, and has often proved an obstacl 
to fee ^ itne , *M v ' ^ «ie electric light. Yet even at th 
present ^ Vt> o Spite of the progress which Has recent! 
been m^^ ^ Preparation of carbons for the electri 

^e who prefer the retort-coke. 



light, to^ty" . 

^^<Z mentioned inconvenience of retort-carbons 



an< 



> rn^kctL Y be su PP° sed » soon caused physicists 

chemical ***** t0 ^ ek a method of preparing them of a pure 

constitute Com P os ition, and with a. more uniform physica 

sently sp**^ fy certain processes of which we shall pre 

ccm/?0sj//-^K this has gradually been achieved. Into th< 

faresom^^ ^ of these artificial carbons certain metallic salts 

threefold ^%imes been made to enter, in order that, under the 

reducing ^^-"fluence of the electrolytic, the calorific, and the 

0Mkner^r^ Ctions ' the metaIs of the saIts rnight *> e deposited 
• Vj^ive pole, where their combustion in the air would 

crease C^ _ ]jght of the arc itself Carr ^ ? Gauduin, and 

jive made experiments of this kind, which we 
_>e farther on; but the results have not been 
factory, as the light has generally been rendered 
d unsteady. The simple carbon has therefore 
een preferred, 
^te ik\&* ance of th e carbons is very variable. When 
&e* at* <A '-uniform section and quality the resistance is, Q f 
wa*, ^r> ^dent on their length or thickness Jf x ^ eri ~ 
WtaU^ at Silvertown by Hospitalier and *°*°"**y 
V^^W^ a resistance of. 3*5 ohms per l« c ^^ ** 
Carre's carbon of 4 millimetres diameter- -**- ^^tw "U- 
ductor of the same dimensions would have a. re f is Ce °** 
only 0-001315 ohm, and therefore the copper conducts 2 , 47i 
times better than the carbon. These figures may ^ asi °n 
surprise, but it should be remembered that they re a e to 
carbons of small diameter, and that, if referred to carbon of 

v 1 • ;«= rot more than 

1 centimetre in diameter, the resistance is I-*-* 

°*52 ohm.ar about qo metres of telegraph wire. ^ ...__.' 



° r th « electrio i - '^^^TAtg. 

5Ugar > which ? ht > "^de of a * 

><* Wk for Z t ? c °vered w^ SUbjec ^d to Z *** 
^ -bn^^ hours ^ a gating of~ 

^cassagne and T^ b * -ucce^&f 1 ; ^PeratST 
.0 of carbon by A S c °nceived «. lmme rsions i» 

^^hor, to change "h^.^^ "Pen^L?*-** cJu^T 
j^hcates. Thty^. 811 ^ contaS^- Was ' ^cord' 
£ ^ter, and «£££*«* •**£££ i» the c^ 

* earths l eft ^ated to redress* CUrrent of 

^ondes of sili cium Ck ^ b V the p ot 2 h ' ln order to 

*> ^e ca lcina Omenta Cu ^ iron, &c ° 
17 a turpenune, the * of a m£ er p roposed 

** decomposite h ^ m 0uId ed «£! mp bl *<* 
^ «* satur ated ^ 6Se s «b sta nce s ^"^icai 

^he se had li «le ^eL? Sin «* sv^ r ! eft a Porous 
^i,«v were „«^. ae »sity an ^ ^"P, anH _. 7 s 



a- 

if- 

K. 

i 



S^ Ws ^V^.^! tenthusiasticas to th « 

' v. jf' ***fc* J; have **•***» s <M>ner to teU you 
machu^ ^ ^ ** Perfectly well and with increasing 

*?t£** Of ££*» ** I —ted to tell you «5 ; 

** ^s i*^ uuse quence, for, as usual, we have to 
about hi* P° rtai * matter. You induced me to see 
^«^/>^ Ure carl >on coke, and this coke gives a .$•/ 
arenoth^* 6 ' a ^d of remarkable brilliancy. I am 
<are upon % *« you have been kind enough to bestow 
tomjrsqfrXxwt machine. This evening I am showing 
060 metres ^rintending committee. We are able at a d 
T ^atf a/ ^^^ to read very small writing, and no doubt 
®2gn//ice^ >^ zrly a kilometre if space permitted. We : 
ihoutpo ^^^*Jy illuminated the dome of Les T*fz/ciZ£<&es 
perform tfc^, ^tetrcs from our apparatus ; but I hope we 1 
advised ^^^ experiment on the Seine in a steamboi 

. u ^^J^l our machine taking the place of" the vo 
to the J^^^r^quelain carbons, a regulating mechanism s 
•wnaaWy ^^entrary currents, and a good reflector, the p 
'taMclagt^/^. ±ng on sea-going ships will be completely 

Jocqucloar>^^ Method. — To obtain a pure carbon 

•&&. tttefefe^ use °f tne carbides of hydrogen, eith 

^\^4 ^ the distillation of coals, shales, turf, &c 

uiU!&Kta*& r>*oducts formed during the carbonization 

'^^sSo^cWeS in close vesseIs > or those represented 

heavy coal, shale, or turf oils, or by volatizable orga 

'Stance. 

"These organic materials," says Jacquelain, *< contaii 

^ast-iron receptacle, are introduced into a cast-iron bo 

lower level by a conducting pipe furnished with a coc 

boiler is also provided with a cock for emptying it- The 

are carried by? a cast-iron pipe into a horizontal retort 1 

refractory earthenware, and fitted with a screen for re 



'^KCTRIC I-IGHTXIVG- 

u»y obstruction in the retort is removed by 
From the last receiver which forms the 
e inverted vj, a oirvefl P»P« leads the hydro- 
ecomposed. volatile products under a grating." 
his process was very incomplete, and offered 
ie quality of the products. Along with ex- 
giv'mg very satisfactory results there -were 
, and sometimes even -worse than those ob- 
tott-coke. Therefore Carre determined to 
Aero afresh, and he thus speaks of it in the 
s de VAcadhnie des Sciences of the 1 9th February, 



Method. — " The superiority for various expeti- 
t \fvcia\ carbons, and the possibility of purifying by 
AS) aqua-regia, &c, the carbonaceous powders 

■ ,-vo their composition, then led me to seek for 

i producing them economically. By moisten- 
K Aeis either with syrups of gum, gelatine, &c, or 
V^ ;\=, thickened -with resins, I succeeded in form- 
' & fficietvily plastic and consistent to be forced into 
l« Ay is through a draw-plate placed at the bottom of a 
jV ^ession apparatus under the pressure of about 

■ jV t&>. Carbons are now manufactured by this 
$ \*. have at various times presented some of them 

'/ // * ., des Sciences and to the Societe d* encouragement. 
v v/.ff - v *ve three or four times the tenacity and are 
/f j£ .an retort-coke carbons, and cylinders- of io 

jf 4 ev may be used of a length of 50 centimetres 

$ ^ c °^ l "^*' lr bending or crossing during the breaks 

A'_ ^ j SfJOfa often happens with others. They may 
* /y a, j-e&oEthe slenderest diameters (2 millimetres> 

_£, y/ '^ff, A an 4 physical homogeneity gives great steadi- 
'y' 4* r^i.6 v* vxt ', their cylindrical form, combined with 
. C* & ^ jt ri^® 1 .composition and structure, causes their 



TTCfc 



\ 



* * Wb* li&ht ^ ^ t^ere are no occupation s £ tl 

KKT ** mC ^^ f tHe retort - c oke carbon s. Th 

I ST **, i^ ^ ° f fl ^ in ^ in P iec es when " 
as the o/> ^ ^ consequence of the great and s, 

"^^^^le^T 11 ^ * ** dosed ceir u ,a 

^^^r. and tl, ° mil hmetre in capacity. 

the same an _ e same uniform density they are cons 

conductor^ " nt for an equal section ; they are mix 

ih*ncarb^ * nd > without the addition of any substan. 

1-25 to i.» * they are even more luminous in the prof 



■deredcok ^5fc>aration preferred by Carre* is a mixture 
Parts of su ^^, calcined lamp black, and a syrup mac3 
is given in ^^^^ and 12 pans of gum. The folio wing 

^fers patent of the 15th January, 1876 : 

r , . ^^^ coke, finely powdered ... ... 15 P< 

Ulcm fe<i lampblack 5 

tyrupo^ sugar _ 7 to & 



^Aole is well pounded together, and from 
parts of wat<^^:r are added to make up for the loss t>y e 
^Nfc, axv& \.o give the required degree of consistence 
Paste. The ^^oke is to be made with the best samples 
^^rat&ft^ Toy washing. The paste is then compress 
passed, throve €^ a draw-hole, and the carbons are aftc 
^^ ybl CTOLoibles and exposed for a certain length c 
to a high tempe rature - details of the operations for ; 
ing these carbons will be found at page 54- of H. For 
work. 

We may add that Carre, being desirous of impart 

the electrical light the hues most suitable for theatric* 

poses, has succeeded in so treating his carbons tha 

impart to the? light a tint which, instead of heing 

white, has a r<^>sy-yellow hue, that is very advantageo 

bringing out t**e complexions of the actresses. 

Carre's mar* ufacture has, since the great expem 



i merits 



^YikofF Company, been much exter 

large scale on which his process is he 

tj send out carbons 50 per cent, bet 

c atbons are now at a price which allc 

£ivd this circumstance greatly cond 

i the applications of the electric lit 

cystem. — The carbons manufactured. 

^rbon, their base being lamp bla 

t fcis substance is comparatively hi 

• x c, difficult, Oauduin was obliged 

; ^-e of carbon, and he obtained it b 

^e* comm o^ rosin, pitch, tars, resir 

^ artificial oils, essences, or orga: 

^ decomposition by heat, leave suff 

^ u cts are put into crucibles and hes 
^ volatile matters being conducted 
u ^lil>er, whence they are carried by a < 
\\& condensed Squids, such as tars 
^ s of hydrogen, into another worn 
x Xected for use in the manufacture o 
^ it iS in the retort some more or less 
is pulverized as finely as possible, 
, or mixed with a certain quantity 
y { the carbides of hydrogen obtainec 

^epared, these carbons are comple 
^re supenor to those met with in cc 

%*s sticks "« ""* *??'?** b " Ga 
. 0-t .hey Z S P SS W* 



^\^U^£^?? ^ reduci "g the charcoal t, 
P°*f shape r ^! * !, Ultab,e Plece of w °od, which he cut 
to^ArfiaircJ^ 111 "* the carbon i thetx he converts 

i» t0 Aescr-ivT ' and finall y soaks ft > a s in the manufac^ 1 
* W ^t^Jr ecl - The heatin « of th « wood is conduct* 
s l0 * lyS ° Yae ^ Ve off the volatile matters, and the final h* 
iog "^ /v\^ ? 11 a reducing atmosphere at a very high 
pet» wte ' * inn purities are removed from the wood 
t e\v» lnaTY ^ asl «ng in acids and in alkalis. 
GiaA^^wo points out a method of stopping *J ^ 



{lhe wood-b y heating u toredness a nd exponng^ 

action of chloride of carbon and various cart>x<ieS ^° hi ch * 

tfe expects thus to produce electric ^"^^^i^tely st 

very slowly consumed and will give a lig*** * t was e%t 

These carbons have not, however, done ^ ne ral, « 

of them, therefore they have not Dee0ir, ^ < 3. x^erooniu 

little used except by the firm of Sautter *^ err , ^ a»<^ ** * 

the present time it is difficult to obtain^ rj _^ ^vVio eto 

fulif they can compete with those of ca :rxSt rx»ely c ° 

his raw material a very cheap substar» c » ^^ ^^- i 





Effects produced toy the «£* **»« V.*s * 
Salts to the Carbons prepared f»^ -,.* te****' ^ 

—As we have already seen, page i * 9 » ^ „ *-ir*g 

made to obtain some advantage by a »»- 

with metallic salts, which might supP 1 ^^ ( t\*^ 
voltaic arc, alight due to the comb "*" ir ,g 
to the negative electrode. . The f ,° aX% cl -r— ~ ^vit 
been undertaken by Gauduin, Carr » tfi ur*e«» . de 
Gauduin mixed the ttUamng su£ eSy c*»lf **««* 
carbon :-phosphate of lime from bor* fecipl t J ^^ 
borate of li me , silicate cf lime, pure Y ^ o 



nesia, borate o'f magnesia, alumina, * ^c S ^^l?** 
proportions were so calculated asto^ ^ c -r& _ s ^n 



after the carbons were dned. WJ **»^«,<*r« 

action of an electric current ^tiy X> ~ 
applied by a Gramme machine suffic 



of ■= to ,, . /C *?VAB 
.btaincd :__ 5 """'ffletK, , 

""P'-.te or j im on «- 



. obtained : _J> """in,,,, 

,,liosphate of fo »g. - r . 

iU rn tan,, in '""« w as h = folio,,- 

red branpj™" «"«- wit? °*"Pos e<J 

d«»"I»M. » ' ,h = b„ ,i,rod uci,,° 

escape , he But tI f°«Ue '"S 

a ro.de the *'* Pho sp , el «t,.j CI ; nd sil icic ««<t, 
, light; i, ., «£°n „^»te of K £ by ac,„. 

)mp osed. f '"*d an J= Wnducto S ' 

rnesia, borate a,,,, Was Vol*,*-.?*' a nd ^- 

and the „ *" d P>.osp ba . ° la, '>«ed * **>i- 

he >igh>-,e S8 * a Whit/ g^ing ^*" w -r e „e. 

.boric, and n», * "Ow„. u *fti e . , t n& .. "e- 

™«a and s j, fc ac <d tve,,, ™= l.'m" Ch ■«- 

: a ve, y ,,,„„ *"= of „ *ff Us ***,,,,. 

Unde, „„ 5 f ^eo, „"*«« „ er<! a *» the 

* to Caw it atin K r. °">Rn 
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2 - ^oitiotvov x 7^sia, and strontia increased the Mi 

^F^bat itotv ** or r- 5 o to r, giving it different col 

*' d H°; antimony brought up trie increa 

4°. V V m , lc: aeid increased the duration; of the car 
w4 IT* Vlth glassy coating whieH pro tee ted 

5°. Th bu \ wlthout increasing the light - 
carbons ^ the impregnation of pure and regularly pc 
and ecot?^ Solu tions of various substances is sl convex 
preferably *&ical means of producing their spectra, but 
virions. to mix the elementary substances with compc 

carbons ^^-*zed Carbons.— According to E. Reynier, 
fateraf su^^^^ng consumed a little by combustion on t 
^ ov ^ '■/^Sces, which glow for a length of 7 or 8 millime 
^^ iDelow the luminous point, there is a complete 
** regards tlie light, and it would be an advantage to cc 
wm with. -=^ metallic covering in order to avoid this lat< 
•coobusdo *t* _ It follows, in fact, from his experiments in 
^oxfefoops -of Sautter and Lemonnier with a Gramme mach 
ofthz l&i^S form, that the metallized carbons are consurr 
^tWit\m ^ ordinary carbons, as the following results show: 






the 




State of the surface of 
the Carbons. 



,S = 7 mm. 



o 3846 sq. cm 



9 mm. 
0"6 35 8sq. cr^i. 



{ 



Uncovered 

Covered with copper 
Covered with nickel 



Length of Carbons used 
in one J-dour- 



t 

i 
is 

4) 

1 



At the 
+ poU. 

166 mm 

146 »» 
106 



Uncovered .... ... 104 

Covered with copper 98 
Covered with nickel | 68 



» » 



* * 



$ * 





Save tc 



of ^ thes^^It to £J. Ebons' 



with equal -WJ ^bo^'ate „*** 

5 not seexn to »«% the a e ****IW ** 

an »o Unt 5 at 'o n of 
the luminous power of.u *'ITh.t v - t,le 

;rior for the same «, *? c arbo„ s „. y,e *<ied 

' diameter, wfaich f s e tr «? inte nsf ° f s *aU h- 
« placed in a chc*?**** by * *° ^acT?** 
>r of t»igVi conductivi tv . 0,I, Posed e fa ct tl, Car - 
• is smaller ; and also ^ of ^nduSf C °«- 
more energetic, the s », .^ ^e & ^re kT tor * of 
- " ates the resuhj^'er are **» of a***** a& 

,«. It depenc^Ior,^ *e ca^f OI ^ a . 

maximum of 1,^° u Po « * ect * of J* Thi s 

e generator ; a * shoj* 3 ^ ***?l? nc *' 

xnetalfeatbn by ^ °e as ^ ** re- 

action to ^ used ^^ c art> ^ as 

results. Th . '° r the Sa ^ * b ° 1 »* of 

* e ^t a *7 , 'n* o? f ac ? a » 
tQ A. Ifc e/n effect ec , gj' 

^*-ge except ^ s ^t eni , ** 

^ carbons, a ' U So &r as it i^^tio,, 

-^stance tha «* high ten, J?** of * re ~ 
JProvement J **y reach as atUr * and*?. * 

he Problem 
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* 0uW , #y is con^^v better, at least so far as increased c 

JfV* 10 *^^ 4, by connectin g witH metallic re 

^^c-dscttvt r PVaced either within the carbons themsel 

or m tV^v tu3lv v ^dles on both sides of trie insulator, * 

thus tli^Voff x*A^ e0tne heated with out danger of oxidati 

^tfT«ttto had patented this astern or rods as es 

the^Tess l* l8?8, finds them adv *ntageous only so far 

ofa cov ^ nthecon sumptionof the electrodes; and if instc 

nesiaan^f nn 8 of carbon use is made of a covering of m 

the cons^ an iron rod, as in the preparation of these candl 

result is J^^nptiou might be reduced to one-eigritri. But t 

produced Stained at the expense of the brilliancy of the li^ 

kts. -A^. ^ which is then reduced to that of six or eight g ; 



is an a 



{ ^ e i ^^i increasing the duration of the candle at the cc 
^&inous intensity, he has patented this system wi 



/fi& -^< ^ which is then reduced to that of six 
vantage i^ ^ertheless, as there are cases where tri 

Of the li 

tut idea. r~ _, _ * 

^" using it in Russia for lighting carriages. 

Effect m^^ heat on the conductivity of t,lmo carhop 

^Hfc&t is known to modify the electric conductivity < 

^tt, &t»* inishing that of metallic conductors, and usual] 

uvcttasW that of substances of mediocre conductivity 

^xVt\v«^uid or solid;* and carbon is precisely one 

huxx&vc*B to the rese arches of Borgman, trie tempe ra . 
taw* ^ ^ ^^bonaceous substance heated to orange-red de- 
^c&»sk&\\& -resistance in the following ratio : — 

For wood charcoal ow 3 7o-between a6* and 260* 

For Dormez anthracite ... 000265 — » " ° 

For Alibert plumbago ... 000082 — » 2 |o " 25 °^ 

For coke 000026 — »» " '5 

It would seem that even a feeble calorific radiation causes 
a diminution of resistance in plates of wood charcoa., and 
that between 100 and 125 degrees the resistance ot pine . 
wood, elm, a,:»d ebony charcoals notably varies. 

* See my F^^F* 1 " °" the conductivity of mediocre con^uc 



o 



140 ELECTRIC LIGHTING. 

Light produced by means of conductors of in- 
different conductivity.— We have said at the commence- 
ment of this chapter, that one of the means of producing the 
electric light is the heating which takes place when a power- 
ful current traverses a body of indifferent conductivity inter- 
posed between two electrodes of good conductivity. We 
have also seen that rods of carbon and of refractory sub- 
stances constitute these bodies of indifferent conductivity, 
and that Jablochkoff on one hand, and Lodyguine and 
Kosloff on the other, had made some very interesting ex- 
periments on this subject It is this new .method of pro- 
ducing the electric light that we are now about to consider, 
and we shall begin by JablochkofFs system, which is the 
most curious. 

Jablochkoff 's System. — In this new system the induction 
currents from a Ruhmkoft's coil of moderate dimensions 
are used, and a piece of slightly baked kaolin, two milli- 
metres thick and one centimetre wide, which forms the semi- 
conducting substance, is required to supply the incandescent 
point, or rather the luminous source, for the whole appears 
to be illuminated. With a single coil two sources of light 
can easily be obtained in one circuit, but by increasing the 
number of induction coils and the power of the generator, 
the number of these luminous sources may be indefinitely 
increased — a circumstance which may in some degree solve 
the difficult problem of the division of the electric light. We 
shall, however, consider this question farther on. 

The arrangement of the system is very simple; the small 
piece of kaolin is introduced between two little iron nippers 
which form the polar electrodes, and which are themselves 
attached to two clips capable of moving horizontally by 
means of a screw. These nippers seize the piece of kaolin 
by its upper slightly thinned edge, and even a little beyond 
this edge, in order that the apparatus may be more easily 
lighted ; for this apparatus must be lighted, and it will readily 
be understood that the substance is not of itself sufficiently 
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nesting circumstance was discovered in the ex- 
ide by Jablochkoff, and that is, that the currents 
:he induction apparatus intended for the light 
antageously exerted by a magneto-electric gene- 
alternately reversed currents, such as those 
;he Alliance Company or the Lontin Company, 
generator, the induction apparatus does not re- 
i condenser or an interrupter, and the intensity 
t is increased by the suppression of these. On 
id the tension is notably diminished, for in ex- 
have witnessed, the spark was hardly 2 milli- 
but in order to obtain calorific effects, tension 
lecessary, and we have seen that icrthis respect 
ave left nothing to be desired. Thanks to this 
nkofF induction machine can supply the electric 
is result is of the more importance that ^ regu- 
ight is not required to render it steady, and that 
Dtion of kaolin is almost insignificant (1 milli- 
ur). The magneto-electric generator itself need 
rful, and it may, as we have already said, be pro- 
the number of luminous jets desired, care being 
nect a suitable number of induction coils having 
i wires not too thin. 

illumination ot a long strip of kaolin is required 

lfluence of a very powerful current, it becomes 

order to light it to mark a line of lead on the 

:>f the bad conductor from one electrode to the 

current is at first conducted by this streak, but 

1 heating the kaolin and in producing the effects 

cribed. This arrangement enables a large quan- 

to be obtained in a small space, for in order to 

effect it suffices to fold the strip several times on 

electric multiplier. 

1 its passage, be accumulated within the very substance of the 
and should be transformed into heat by not being able to 
enough as an electric charge. 
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e contrary electricities, which, by charging th? 
, cause the illumination of the plates of kaolin, on. 
iks of black lead extend from one clip to the other. 
te and Kosloff' s System. — Of the various methods 
obtaining luminous effects by the narrowing of 
i ; pf a good conductor, that contrived by Lody- 
Kosloff had given some very interesting results 
Its even made some noise in 1874, for the effects. 
r similar to those we have just mentioned ; but in 
roduce them a. much greater electrical force was 
md the portions of the apparatus brought to a 
being made of retort-coke of very narrow section, 
sent the desired conditions of solidity and stability, 
system these little needles of carbon were cut out 
prisms of at least r centimetre across, and were 
e'en two insulated clips connected with the two 
)f the circuit, as in JablochkofFs system.* lit 
revent their combustion they were enclosed in 
i from air, or simply hermetically sealed, so that 
1 of the enclosed air should not be renewed, 
irerfiri Alliance machine four luminous foci could ± 
e obtained in this way,and the lighting power was 
actory. Unfortunately these carbons were fre- 
)ken, and it was quite a task to replace them. To 
s inconvenience several ingenious arrangements 
ted, of which we shall : speak farther on^ but all 
ms have scarcely yielded anything very satisfactory 
:tical point of view, 
ider rod of carbon was in fact consumed parti- 

that the connection of the carbons intended to become 
the wires of the circuit was one of the difficulties which 
guine and Kosloff. In fact, by making the wire penetrate into 
le latter was broken, on account of the difference of the ex~ 
; metal and that of the carbon, and again the metal by; toueh- 
)f the carbon heated to whiteness was melted. Kosloff, after 
tents, has, it appears, avoided these difficulties by using a 
tqform the supports of the carbon rods. ; . " 
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believe those to be preferable in which combustion and the 
voltaic arc are united to incandescence. We shall see that 
in the systems of Reynier, Werdermann, &c, the results are 
in fact much more satisfactory. 

Systems of E. Reynier, Werdermann, and others. — By the 
beginning of the year 1878 Emile Reynier, struck by the ad- 
vantages which incandescent effects offered for the ready 
production of the electric light, and especially for its sub- 
division, bethought himself of combining these advantageous 
effects with those of the voltaic arc, and for that purpose he 
arranged the carbons of the King or Lodyguine system in 
such a manner that they might burn and furnish at the point 
of contact a small voltaic arc resulting from the repulsions 
produced by contiguous elements of the same current, as in 
the case of Fernetfs and Van Malderen's regulators. He 
therefore arranged above a large fixed carbon a very slender 
rod (about 2 millimetres diameter), which was supported 
vertically by means of a heavy holder, and he connected this 
carbon with the current at a suitable height above the fixed 
carbon, so as to give a bright incandescence to the thin car- 
bon. And by this arrangement as the thin rod of carbon 
was consumed at the point of contact with the large carbon, 
it was renewed by a progressive advance produced by the 
weight of the holder. From this combustion, however, ashes 
were produced, which accumulated round the point of con- 
tact, and therefore he arranged the apparatus so that the 
large carbon might by a rotatory movement cause the ashes 
to fall off. Under these conditions Reynier was able to 
light 5 lamps with the current from a Bunsen battery of 30 
cells, and he was even able to keep one of the lamps lighted 
for more than a quarter of an hour with the current from a 
Plants polarization battery of 3 elements. Some time after- 
wards the same idea was taken up by Werdermann, who 
used an arrangement the reverse of Reynier's. The stick ot 
carbon was pushed upwards by a counterpoise, and thus the 
large carbon did not require to be moved. According to 
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current is proportional to the speed, the resistance of the coil 
being constant 

" We thus reach a limit where the distance between the elec- 
trodes becomes infinitely small, that is to say when the electrodes 
are in contact. This is when their sections are nearly as 1 to 
64 ; then the negative electrode scarcely gets heated, and it is 
therefore not consumed. Under these conditions it is only the 
positive electrode which is consumed, while it produces a beauti- 
ful absolutely fixed white light so long as the intimate contact 
between it and the negative electrode is maintained. It is in 
reality a light produced by an infinitely small voltaic arc. 

When the reverse method is adopted, that is to say, when, 
instead of lessening the section of the positive electrode, the 
section of the negative is gradually reduced, and the section of 
the positive increased, the light of the latter is seen to gradually 
diminish, and the heat of the negative electrode to increase. 

" When the sections of the electrodes are nearly as 1 to 64, 
and they have been placed in contact, no light is any longer 
given off by the positive electrode ; the negative one alone pro- 
duces the light It is curious that when a voltaic arc is set up 
between the two carbons, the smaller electrode is always shaped 
into a point, whether it be positive or negative." 

Fig. 37 represents the series of changes in the form of the 
electrodes when their respective dimensions are made to 
vary. The electrodes in the centre represent the ordinary 
electrodes of equal section. In the three systems on the 
left are shown the effects produced as the lower electrode, 
which is the positive one, increases, and the three on the 
right show the effects of a successive increase of the upper 
and negative electrode. 

As we have seen, Werdermann has been able by derivation 
to obtain with an electroplating Gramme machine the light- 
ing of 10 electric lamps. The resistance of the coil of the 
machine was 0*008 ohm, and the electro-motive force was 
equal to that of 4 Daniell cells, with a speed of 800 turns 
per minute. At this speed the current corresponded with 
66 # o6 webers; but with a speed of 900 turns it corresponded 
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with 88 '49 webers. Nevertheless, with the 10 la 
by Werdermann the velocity of 800 turns was 









According to Werdermann, the resistances 
were : — 

For one lamp ... 
For five lamps .. . 
For six lamps , 
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It is surprising that with a current having so little tension 
such results could be obtained, and some sceptical persons 
would at first have denied the fact, contending that in order 
to obtain a focus of electric light an electro-motive force 
equal to that of at least 30 Bunsen cells was required ; but 
such persons did not observe that with incandescent lamps 
there is no appreciable solution of continuity in the metallic 
circuit, and that a source of electricity of quantity suffices 
to produce incandescence in such a circuit. If from the 
resistance of a light circuit, four or five thousand metres 
of telegraph wire be taken away, together with the nearly 
equivalent resistance of the battery, and that of the electro- 
magnetic apparatus of the regulator, it may be understood 
how an electro-motive force equal to that of only 4 Daniell 
cells can produce effects of incandescence in a circuit of 
extremely small resistance, and even produce several points of 
light, by derivations fronvthe current, since the total-resistance 
of the circuit is then in a manner diminished proportionably 
to the number of derivations. We are not sufficiently 
familiarized with effects of this kind, and mistakes are often 
made by confounding phenomena that are produced under 
very different electrical conditions. 

Light produced by means of an inductive action* 

— A short time before his death, Fuller, who had been one 
of Edison's fellow labourers, invented a system of electric 
lighting, on which we think it right to say a few words, 
although it appears to us scarcely practical. Here, however, 
is the description of it given in the Telegraphic Journal : — 

In this system the principal current does not produce the 
light, but it engenders another current in a series of induction: 
coils, and each lamp is lighted by the current of one of the 
coils. An alternating current must be used. The induction 
coils were constructed as follows: — Two magnetic cores,, 
placed parallel to each other, were magnetically connected 
at one end. Round the centre of each of these cores was a 
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PART III.— ELECTRIC LAMPS. 

In order to obtain a continuous action from the carbons 
used for the electric light, these carbons must, in proportion 
to their consumption, be brought near each other, so that the 
intensity of the current may be kept as constant as possible. 
Now in order to obtain this result, arrangements have been 
contrived which effect it automatically, and these form what 
are called regulators of the electric light, or simply electric 
lamps. Of course the construction of these apparatus varies 
according as the light is produced by the voltaic arc or by 
incandescence. 



VOLTAIC ARC LAMPS. 



Electric lamps are of an earlier date than is generally 
supposed. In 1840 they consisted of a kind of Lannes 
exciter, the balls of which were replaced by sticks of carbon, 
which were pushed forward by hand as they were consumed, 
and the apparatus had the form represented in Fig. 1. A 
little later an attempt was made to render the forward move- 
ment of the carbons automatic by placing the holders under 
the control of clockwork, or of electro-magnetic effects, which 
could act as a balance, that is to say, on the least variation 
in the intensity of the current. Then the idea was conceived 
of arranging th^ carbons so as to burn like a candle, and it 
is to this last plan that recourse has been had in the attempts 
at electric lighting of the streets, which so astonished visitors 
during the whole period of the Exhibition of 1878. 



VOL 

The first automatic electric lamp appears to have 
vented in 1845 by Thomas Wright - *>ixt it was r 
1848, when Staite and I>etrie, in England, and Fou 
France, invented their regulators that attention was z 
to the matter; and before these apparatus could be 3 
as capable of any practical application, Archereau on 
hand, and J. Duboscq on. trie other, had used t 
numerous experiments in projection. From that tj 
especially after the curious results obtained by the ^ 
of the Alliance Company, people began everywhere 
themselves to the improvement of* these appaiat\» 
multitude of systems were invented, the most import^ 
those of Serrin, Duboscq, Siemens, Carr^, Lonti*^ 
Brush, &c. Having in trie 5th. vol of my -fi^We V, 
cations de relectrtcttS described most of these w 
systems, I shall Here concern myself only with tJ ^ 
have become common in practice. 

Regulators of the electric lignt may be divid e <j 
classes, viz. : i°. regulators founded on the attract^ 
noids, and to this class belong the regulators of .* 
Loiseau, Gaiffe, Jaspar, Carre, and Brush; a* *^ 
founded on the approximation of the carbons by ^ 
movements produced electro-magnetically, and^ 
we may motion the regulators of Foucaul t> ^ 
Deleuil, Serrin, Siemens, ^n™?'^™^' ^ 
Wallace Farmer, RapierT; 3°- *Z U £™ £f <**£** 
bons, the most important types being *V^J^ 
Thomas Wrignt, Lemolt, Hansson, and Reym^^t 
inoraas wngu^ _«.=^ action, amongst which ^ «°. w 

latorswithahydrost^txo a^ctxon ^g Mar- *V^ 

those of Laoass^e and ^ react*?* ^J 

boscq, Way, M ^ r J e ^ et) V an Malderen, and jS***** 
such as those of * ernei, » u ^ c ^_ 

6° electric candles on the Jablochkoff plan, an<J ^ 
ThetSndescen* carbon re^rs fomunga class b /^ 

v*«n rliscuss farther on. ^^1 



pulleys over which 
passed the cords 
that moved the 
carbons an un- 
equal diameter 
proportional to the 
amount of the con- 
sumption. Nor 
does he describe 
the way in which 
the detent acted; 
but it seems from 
his description that 
it was merely by a 
simple pressure 
against a drum 
fixed on the axle 
of the two pulleys, 
on which were 
wound in opposite 
directions the 
cords attached to 
the carbon -hold- 
ers. 

Be that as it 
may, this appara- 
tus has been the 
starting point for 
all those we are 
about to mention, 
and which require 
a definite place for 
each pole of the 
battery. 

Some years after 
the apparatus just 
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described had been invented, and after Duboscq had pointed • 
out the defects he had found in most of the regulators then 
in use, and even in those he had made himself, Foucault 
invented a new form which we represent in Fig. 38, and 
which has been hitherto generally resorted to for all experi- 
ments of projection. This is the model which has been con- 
structed by J. Duboscq. 

In this new system the carbon-holders b and d end below 
in racks on which a clockwork movement acts by means of 
a double wheel, which is arranged in such a manner that the 
two carbons advance towards each other, and the lower one 
d moves through twice the distance that the upper one 
passes through. This arrangement was governed by the un- 
equal consumption of the two carbons, which, as shown on 
page 20, is double for the positive carbon. To obtain this 
result, the two racks engage with the two wheels of which we 
have spoken, and these wheels, fixed on the same axis, have 
the number of their teeth in the proportion of 2 to 1. To 
cause this arrangement to act upon the carbons, it is only 
necessary so to contrive matters that when the intensity of 
the current becomes a little too feeble an electro-magnet 
shall act. on the clockwork, and that its aetion shall be 
stopped when, by the approach of the carbons, the voltaic arc 
offers less resistance. It is upon this principle that nearly 
all the regulators of this class have been based ; but in order 
to obtain a perfectly regular action, the problem to be solved 
was much more complicated, and the special arrangements 
we have now to study were necessary. 

The defect of the regulators founded on the principle we 
have explained above, was that the electro-magnet armature 
intended to release or to arrest the clockwork was in a state 
of unstable equilibrium, and therefore liable to be driven 
against one or the other of the two stops which limited its 
play without ever being able to remain in an intermediate 
position. In order to remedy this, the antagonistic spring R 
of the electro-magnet e was made, not to act directly on the 
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sequence of the liberation of the fly o', the wheelwork c d is 
allowed to act, the barrel 1/ makes the wheel S turn in the 
direction of the arrow, and the two carbons are brought 



Fig. 39. 

nearer together. At the same time, the two sun and planet 
wheels are turned, but without producing any effect, for they 
revolve round the wheels k and d; but when the second 
fly o is liberated the planet wheel e is set in motion by the 
wheel a and the pignoa k, and by acting through the planet 
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wheel / on the wheel d it compels the wheel S to move a 
little in the direction opposite to the former. But to effect 
this it is necessary that the barrel l should have as much 
power as l'. In any case the motion can only be very small. 
The wheels a and b must be of one piece, but they must 
move with gentle friction on the axle gh in order that the 
wheel S may turn with making them share its motion. If 
this much has been understood, it only remains to examine 
the mode of action of the apparatus. 

The arc being established between the two carbons, the 
attractive action of the electro-magnet is counterbalanced by 
the antagonistic spring, so that only one of the arms of the 
escapement anchor engages the fly o'. As the carbons con- 
sume, the armature f is the less attracted the more the arc is 
lengthened, but no sudden movement occurs; the armature 
drawn away by the spring rolls on the jointed curve x, Fig. 
38, and at last the hammer liberates the fly o', and engages 
the fly o ; the carbons are then approximated until the in- 
tensity of the current is sufficient to re-establish the power of 
the electro-magnet. If the carbons are too near, the arma- 
ture f is attracted the more, and the escapement anchor will 
set free the fly o, which will cause a separation of the 
carbons. 

Let us add, that the carbons are capable of being moved 
in two ways by hand in order to fix the position of the 
luminous point in the first instance. Thus, the upper carbon 
may be moved independently of the lower one, the whole 
system may be raised or lowered, the separation o£ the car- 
bons continuing unchanged; and this is req^ re< ^ * OT ^ IO 
perly centring the light in projections. . ^. 

An important improvement has lately bee** *n»^ ^V^ 
apparatus. It had been found that changes i* tV * e «^I co*t> 
of the current modified the condition ol the tfr^** ss . fte 
and that the magnetic power persisted mote °* V^e'rv^^ 
antagonistic spring regulated by a screw, seen** 1 * ***tervs^° 
Fi g- 3$> was therefore unable for a given elect*^ 
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maintain the equilibrium, and if too great a tension were 
given to it the movement of the apparatus became too jerky. 
This inconvenience has been got rid of by so arranging 
the armature, to which a curved form is given, as to vary its 
distance from the poles of the 
electro-magnet. This motion is 
produced by the friction of an 
eccentric lever. This slight modi- 
fication is shown in Fig. 40, which 
represents the external appearance 
of the apparatus. As the least 
variation sensibly alters the effec- 
tive power of the attraction, the 
action of the electricity may then 
be easily and very exactly regu- 
lated, according to the power of 
the electrical generator at a given 
instant. 

In this new model the positive 
pole may be placed above or below 
as required. The + pole should 
correspond with the upper ca_'bon 
for lighting purposes, and with the 
lower carbon for optical experi- 
ments, such as the combustion of 



"This new regulator," says Du- 
Fic. 4a. boscq, "fulfils all the conditions re- 

quired for the application of the 
electric light to scientific experiments, and to the illumination 
of lighthouses, vessels, workshops, theatres, &c 

" In the present state of science the electric light is as com- 
monly produced with the magneto-electric machine as with the 
battery ; it may even be affirmed that the industrial generator 
of the electric light is magnetic action : witness the electric 
lighting of lighthouses, ships, yards, &c. It was therefore 
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requisite to make the regulator suitable for these two sources of 
electricity. When the arc that springs between the carbons is 
derived from the battery, they are consumed in the ratio of i to 
2 ; if, on the other hand, it is derived from the magneto-electric 
machine, the consumption of both carbons is alike, since the 
currents are alternating. In the former case it is necessary to 
arrange the advance of the carbons in the ratio of I to 2, and in 
the latter to make it equal. An addition to the mechanism 
enables the change of the relative velocities of the carbons to be 
made in an instant, according as one or the other source of elec- 
tricity is made use of. 

" Thus improved, the new regulator is perfectly adapted to all 
the applications of the electric light." 



Serrin's Lamp. — Of all the regulators yet invented, that 
of Serrin is the one most used when a prolonged illumination 
is required. We have had the pleasure of following the 
various phases through which this apparatus has passed since 
its invention, and we were the first to give a complete account 
of it in tome IV. of the second edition of our Expost des 
applications de Pelectricite, published in 1859. At a later 
period, Pouillet, in a report made to the Acadetnie des Sciences, 
explained its ingenious arrangements. Finally, the experi- 
ments made with the machines of the Alliance Company 
showed that it was then the only apparatus that could work 
with currents alternately reversed. Since that period this re- 
gulator has been constantly used in the various experiments 
that have been made with the electric light, and it is the one 
adopted in the illumination of lighthouses. We must there- 
fore dwell a little on this ingenious apparatus, which is so 
sensitive that an india-rubber ring placed between the two 
carbons is sufficient to arrest their progress without the ring 
losing its shape. 

This apparatus, which is able, like that of Duboscq, to 
keep the luminous point stationary, is essentially formed of 
two mechanisms mutually connected, but each producing its 
own effect on the movement of the carbons. One of these 

11 
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mechanisms, in direct communication with the electro-mag- 
netic system, forms an oscillating system, composed of a kind 
of double jointed parallelogram, to which are attached the 
tube and accessories belonging to the lower carbon. It is 
formed of four parallel horizontal arms, turning on the tube 
of the upper carbon-holder and connected together by two 
vertical cross pieces. 

The other mechanism, which we shall call tJie advancing 
mec/ianism, is connected with the carbon -holders, and is 
formed of wheelwork, together with a rack and draw chain. 
The first mechanism, while acting, as we shall see, directly 
on the lower carbon-holder, controls the action of the second 
mechanism; and this last, by rendering regular the ap- 
proach of the carbons towards each other, carries out the 
mechanical effect begun by the first. With this object, the 
tube belonging to the lower carbon and forming part of the 
oscillating system, carries a stop of triangular shape which 
acts on the wings of a fly, forming the last moving piece of the 
advancing mechanism. The oscillating system connected 
by the two vertical cross pieces carries a cylindrical arma- 
ture, which being placed within the influence of an electro- 
magnet acting tangentially on it, can more or less lower it 
according to the intensity of the current traversing the 
system. There are two opposing springs fixed to the lower 
arms of the oscillating system, and these springs are attached 
to the supports of the wheels, and raise the system when the 
current does not act with energy sufficient to counteract their 
effect. It follows therefore from this arrangement that, with 
an adequate electrical intensity, the oscillating system is suffi- 
ciently lowered to arrest the advancing system, and with an 
inadequate intensity this last system, being set at liberty, 
allows the carbons to approach each other merely by the 
effect of gravity on the upper carbon-holder, which is heavy 
enough to produce the movement of the system. Let us now 
see how the advancing system is arranged. 

In the first place, it is formed of a set of four wheels, the 
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first of which engages a rack, making part of the upper carbon- 
holder, and has its axle provided with a drum, round which 
is wound a Vaucanson chain; this chain, after having passed 
over a pulley, is attached to a piece connected with the lower 
carbon-holder. It follows that when the oscillating system, 
in consequence of the inactivity of the electro-magnet, has 
liberated the wheel, the upper carbon-holder is free to de- 
scend, and in descending not only causes all the wheels to 
turn, but also raises, by means of the Vaucanson chain, the 
lower carbon-holder. This action goes on until the current, 
by becoming stronger, produces a more powerful action on 
the electro-magnet, which thereupon engages, by means of the 
oscillating system, the fly in the train of wheels. The ap- 
paratus is then stopped until the energy of the electro-magnet 
again . diminishes. A second opposing spring, acted on by 
ah adjusting screw, allows the sensitiveness of the instrument 
to be increased or diminished at pleasure. Lastly, a chain 
hanging down is so arranged as to act as a counterpoise to 
compensate, in the action of the oscillating system, for the 
loss of weight occasioned by the consumption of the lower 
carbon. 

The current is transmitted to the lower carbon through a 
bent flexible plate which follows the carbon in its move- 
ments, and it is transmitted to the upper carbon through 
the mass of the apparatus and the electro-magnet which has 
the free extremity of its coil connected with an external 
binding screw. 

There is nothing special about the lower carbon-holder: it 
is merely a socket provided with a pressure screw for hold- 
ing the carbon ; but the upper carbon-holder is more com- 
plicated, in order that it may have two rectangular move- 
ments so as exactly to fix the two carbons in the desired 
relative position. The positive carbon is maintained above 
the negative by means of a tube, supported by two horizontal 
jointed arms controlled by two screws. One of the screw? 
allows the carbon-holder to be displaced in one vertical 

11— 2 
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plane, and the other, by means of an eccentric, displaces the 
carbon in the vertical plane perpendicular to the former. 

Serrin has made several patterns of his regulator to suit 
the greater or less electric intensities that are to act upon it. 
His largest pattern is arranged to burn carbons of 15 milli- 
metres broad, or 225 square millimetres in section ; and, in 
spite of these large dimensions, it is as sensitive as the smallest 
patterns. In the pattern made for lighthouses, the inventor 
has made several important modifications. Thus, by means 
of a little arrangement adapted to the chains of the carbon- 
holders, he has been able to shift the luminous point to a 
certain extent without putting out the light. This is very 
important in the application of these apparatus to lighthouses, 
for it gives the means of correctly centring the light with 
regard to the lenses. 

Again, as these regulators have to act with extremely 
powerful currents, the heat in the circuit would be sufficient 
to burn the insulating covering of the coil in the electro- 
magnet, and thus destroy its effect. Serrin has made the 
electro-magnetic spirals with metallic helices unprovided with 
insulating covering, and so arranged that the spires cannot 
touch each other. In order that these helices might be 
adapted to the magnetic cores and to the discs of the electro- 
magnet with a sufficient insulation, he has covered these cores 
with a somewhat thick layer of vitreous enamel, as well as the 
inner parts of the discs ; and in order to obtain as many spires 
as possible with the maximum of section, he has cut these 
helices from a copper cylinder of a thickness equal to that 
of the coils. In this way the electro-magnetic helices are 
represented by a kind of close screw thread of a projection 
equal to that of the discs, and having its central part repre- 
sented by the magnetic cores and the covering of enamel. 

It will easily be understood that with this arrangement the 
helices may be carried to a very high temperature without 
the spires ceasing to be insulated from each other, for they are 
not in contact, and they are separated from the body of the 
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electro-magnet by a substance which cannot be changed by 
the most elevated temperature. Besides, the large section 
of the spire.? thus formed makes the heating more difficult 
than with ordinary arrangements, and that is not dne of the 
least advantages of this kind of electro-magnet 

I ought, in justice, to state that previously to Serrin an 
electro-magnet of this kind had been invented by Duboscq 
for his regulator, but he had not taken care to enamel the 
parts in contact with the helices, considering that precaution 
as useless, on account of the great section of the spires of the 
helix, which prevented them from being raised to redness. 
Nor did he form his spires in the same way: they were 
simply a strip of copper hammered into a spiral 

Siemens 9 Lamp. — The last of Siemens* lamps, which is 
much used in England and in Germany, is represented in 
Fig. 41. Like that of Serrin, it can be lighted automatically, 
and the two opposite actions required for the separation and 
approach of the carbons are determined by the weight of the 
upper carbon-holder and by the electro-magnetic vibration 
of a rocking lever which acts on a clockwork mechanism 
driven in the opposite direction by the weight of the car- 
bon-holder. This mechanism, composed of four wheels, is 
arranged nearly as in the regulators we have just described, 
and it is on the last wheel 1, furnished with a ratchet and a 
fly with wings, that the vibrating electro-magnetic acts. This 
last is formed of a bent lever l, jointed at y, and carrying at 
m the armature of the electro-magnet e. This is the principal 
organ of the apparatus, for on one side it carries a contact 
piece which forms with the stud x the vibrating circuit- 
breaker, and in the second place the antagonistic spring of 
the system, the tension of which is regulated by means of the 
screw r, and finally the driving and stopping catch q, which 
acts on the clockwork mechanism by means of the ratchet 
wheel 1. A fixed piece s supports the end of this catch, in 
order to liberate the wheel 1, at a suitable inclination of the 
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lever L. Finally, a screw k, which passes through the case 
of the lamp, allows the distance of the armature to be pro- 
perly adjusted to the current employed, and a small addition 
n, which also projects from the case, shows whether the 
electro-magnetic system is properly vibrating. The wire of 
the electro-magnet e is moreover connected with the mass of 
the apparatus, in order that the current which passes through 
and illuminates the carbons may be derived through the 
circuit-breaker at each attractive movement of the armature, 
and produce the vibration of the lever l by closing a short 
circuit. 

The action of this apparatus is very simple. When a current 
passes through the electro-magnet e, the catch q is withdrawn 
from the wheel i, and the upper carbon-holder, by weighing 
on the wheels of thje clockwork, sets them going until the 
carbons guided by racks engaging these wheels are brought 
into contact But if under these conditions the generator is 
put into communication with the lamp by the binding screws- 
z and c, the current traverses the electro-magnet e, the mass 
of the apparatus, the upper carbon-holder, the lower carbon- 
holder, and returns to the generator by the communication 
connecting this with the binding screw z ; the carbons then, 
glow at their point of contact, the electro-magnet becomes 
active, and the catch q, by acting on the ratchet wheel \ r 
causes it to advance one tooth, by which the carbons are 
separated. But in this movement a contact is set up at x 
between the lever and the screw c, and the current, finding 
less resistance in passing by that path than through the 
electro-magnet e, in a great measure leaves the latter ; then 
the armature, being no longer sufficiently attracted, causes a 
backward movement of the lever l, which again withdraws 
the catch q, destroys the contact at x, and brings about a 
new attraction of the armature involving a new movement of 
the wheel i ; and as these alternating motions are more 
rapidly effected than that which results from the setting in 
motion of the wheels by the action of the upper carbon-holder's* 
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weight, the carbons are soon sufficiently apart to produce a 
voltaic arc of suit- 
able size, which 
increases in length 
in consequence of 
the consumption 
of the carbons ; 
but when their dis- 
tance apart be- 
comes too great, 
the intensity of the 
current becoming 
too weak is unable 
to cause the at- 
traction necessary 
for the action on 
the wheel i, and 
then the wheels 
can turn freely, 
causingtherebythe 
approach of the 
carbons, which 
goes on until the 
current has re- 
gained an inten 
sity sufficient to 
again produce the 
effects we have 
already studied. 
By a suitable ad- 
justment of the 
screws r, k, and 

z, the double in- Flc - 4*- 

verse action we have just examined may be made very re- 
gular. But this adjustment is very delicate, and that is 
perhaps an inconvenience of the system. 
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The apparatus is moreover provided with two other systems 
of regulating screws, one of which moves the two carbons and 
the luminous point without extinguishing it, and the other 
allows one of the carbons to be displaced. Finally, screws 
attached to the upper carbon-holder give a means of easily 
fixing the carbons with regard to each other so as to supply 
a diffused or a condensed light. Two small bull's-eyes in 
the side of the lamp allow the action of the delicate parts of 
the mechanism to be observed, and the effects of the regu- 
lator to be noted. 

In order that the generator of light may work always under 
the same conditions, whatever may be the variations in the 
circuit external to the lamp, Siemens has interposed in the 
circuit a regulator of resistance which we are going to 
describe, as it has more importance than at first sight would 
be supposed ; for these variations, by changing the conditions 
of velocity in the motor, oa one hand, and on the other by 
causing many sparks, may injure the machine and the col- 
lector. By 1856 Lacassagne and Thiers saw the necessity 
of a regulator of this kind, and had invented one which I 
have described in my Expose* des applications de V electricity 
t. V.) p. 506, and which was an accessory of their electric 
lamp ; but these systems had been little used before Siemens. 

Siemens' arrangement consists of an electro-magnet with a 
thick wire, the armature of which acts in the manner of\ relay 
on a contact which, when the armature is not attracted, has 
the effect of introducing into the circuit a derivation with a 
resistance nearly equal to that of the voltaic arc. With a 
suitable regulation of the antagonistic spring, the derivation 
is therefore substituted for the voltaic arc whenever the re- 
sistance of the latter becomes so great that the armature is 
no longer retained. This is what happens not only when 
the lamp is put out or withdrawn from the circuit, but also 
when very great variations occur in the working of the lamp. 
The helix forming the derivation is placed in a tin vessel 
filled with water to prevent the wire from becoming too hot 
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during long interruptions of the current, such as those re- 
quired by replacing the carbons. 

The lamp just described is not, however, the only one 
made by Siemens. He has already patented eight forms. 

Lontin's Lamp. — From a published account of the Lontin 
machines we extract the following description of this lamp : — 

" The first and principal advantage of this regulator is that its 
moving and regulating parts are such that it can work in any 
position, upright, horizontal, or upside-down, and without being 
stopped or changed in its action by even the strongest shocks or 
oscillations. 

" In these regulators a quite new application has been made 
of the heating produced by the current in a metallic wire to cause 
the separation of the carbons and keep it perfectly constant. 
Thus the use of electro-magnets is dispensed with, and the con- 
sequent cost of the additional electric power required to over- 
come their resistance in the circuit, while the length of the arc 
remains absolutely fixed, so that a more regular light may be 
obtained. 

" The approach of the carbons in proportion to the combustion 
is obtained by another not less happy application of a derived 
current taken from the light current itself, and acting as follows: — 

" There is a solenoid in the apparatus formed of a coil of fine 
wire in quantity sufficient to offer a very great resistance to the 
current. This coil encloses a movable iron rod, which when at 
rest keeps back the moving power that brings the carbons nearer 
together. So long as the carbons are at a distance adjusted to 
the amount required for a good light, the whole current -passes 
through them, on account of the great resistance ot the cou » 
but when the separation increases, a small portion °* t ^ cie catt f a 
passes through the coil and excites it so that the movato *> ^ 
rod is attractive, and the moving power released fr olX1 ^*va- 
brings the carbons nearer by the amount required ^°f - ce ^ ^° 
ing the length of the arc ; at this moment t\ie sole* 10 * -^etf^J xo 
act, and the irod rod again stops trie motor, ^nick ^^x±&^ 
bring the carbons nearer together and is e^temeW ** cUtt ent 

This employment of a derivation from the * 1 *^ 
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may also be advantageously applied to all the regulators 
which automatically separate the carbons, and it renders 
their action more certain and regular, whatever may be the 
variations in the intensity of the current. This system has 
been successfully applied to the Serrin regulators, used at 
the Chemin defer de POuest {St. Lazare station). 

De Mersanne's Lamp. — De Mersanne's regulator was 
invented to enable straight carbons to supply an electric 
light for at least sixteen hours consecutively. 

The system, represented in Fig. 42, is essentially formed of 
two slide boxes b b', fixed on a strong upright stand of cast 
iron. Through these slide the two cylindrical carbons c and 
c', each 75 centimetres or more in length, mtfved by a re- 
gulated action. In order that the carbons may be adjusted 
to have their points in the same vertical- line, the boxes are 
capable of turning a little vertically, and the upper one can 
also be turned horizontally. The sliding system of both 
boxes consists of four grooved rollers, two of which are con- 
nected with the two ends of a lever, and are pressed against 
the carbons by a spiral spring v. These rollers serve as 
guides, and the other two, of larger diameter and with a 
roughened surface, act as the movers of the carbons. For 
this purpose these are set in motion by wheels fixed on an 
axle, connected by mitre wheels with a vertical shaft a a. 
This shaft, being capable of turning in either direction, ac- 
cording to the action of the regulating apparatus, can make 
the carbons approach to, or recede from, each other. The 
carbons are supported and protected outside of the boxe& 
by enclosing tubes. 

The regulating apparatus is placed in a case below the 
slide box b' of the lower carbon. It consists in the first 
place of clockwork driven by a spring barrel,* and by an 
electro-magnet e forming part of a derived circuit from the 

* This barrel, when wound up, will act for 36 hours without attention. 
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two carbons, as in Lontin's system ; and in the second place, 
of another electro-magnet M interposed in the same deriva- 
tion, and acting on the box b' 
of the lower carbon in such a 
manner as to separate the car- 
bons when they come into con- 
tact. When the apparatus is 
not in action, the carbons are 
generally separated by a greater 
or less interval; but as soon 
as the circuit is closed through 
the apparatus, the two electro- 
magnets are excited, for the 
current then wholly passes 
through the derivation, and the 
clockwork is liberated, while 
the lower holder is so inclined 
as exactly to bring the two 
carbons one over the other. 
The advance of the carbons 
takes place slowly, and when 
they 'come into contact, the 
current, finding a more direct 
path, abandons the derivation 
and the electro-magnets, and 
passes almost entirely through 
the circuit of the carbons, 
which then glow, and imme- 
diately supply the voltaic arc. 
The electro-magnet m having 
become inactive, the box b' 
of the lower carbon-holder is 
slightly inclined forward, and f, c , 43 , 

by this causes not only the 

disjunction of the carbons, but also a sufficient separation of 
their points in consequence of the action produced on the 
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wheels by the movement of the box. The lamp is thus 
lighted; but in proportion to the consumption ot the carbons, 
the resistance of the light circuit increases, and the current, 
passing with more intensity into the derivation, soon becomes 
sufficiently powerful to release the clockwork that brings the 
carbons together, until the current has regained its full inten- 
sity in the light circuit. Things go on in this way until the 
carbons are entirely consumed. 

It will easily be understood that with this arrangement 
there is no limit to the length of the carbons, since it may 
exceed that of the apparatus, and without their requiring any 
particular position. Their forward movement takes place 
as if they glided between the fingers of two hands, pushed 
towards each other by two thumbs guiding their progress. 

This lamp, like those of Serrin and Siemens, may be 
lighted from a distance, which is not one of the least of its 
advantages. A medal was awarded to it at the Exposition 
Universelle of 1878. 

Biirgin's Lamp. — This lamp is already rather old. and 
we are surprised that it has not been described anywhere, 
for, according to what Soret has communicated to me, it 
works in the most satisfactory manner. It was shown at 
the Exposition of 1878, but, its inventor being absent when 
the jury went round, it was not examined. It is used con- 
tinuously at Geneva for the theatre and for the illumination 
of a public clock. 

Biirgin has made two patterns of this lamp, one of which 
is for industrial purposes, and is represented in Fig. 43 ; the 
other, more complicated, is intended for scientific experi- 
ments. The principle of the lamp is very simple : the two 
carbon-holders tend to approach each other continuously by 
the influence of a spring barrel or a counterpoise ; but they 
can obey this tendency only when a check controlled by an 
electro-magnetic action permits the passage of the chain or 
chains which support the carbon-holders, so that, according 
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as the current is more or less energetic, there is motion or 
rest in these carbon-holders. In the pattern shown in Fig. 
43, this result is obtained by means of a large wheel r, which 
carries on its axle the pulley c, on which is wound the chain 
supporting the lower 
carbon -holder. The 
axle of the wheel rests 
on a piece of iron a a 
fixed to a jointed paral- 
lelogram, and serving 
as the armature of an 
electro-magnet e con- 
nected with the light 
circuit. A spring 
break f presses on the 
circumference of this 
wheel, and is suffi- 
ciently bent to prevent 
the wheel from turn- 
ing when the latter is 
at the proper height, 
that is to say, when the 
armature a is at its 
greatest approximation 
to the electro-magnet 
e ; but when, in conse- 
quence of the weaken- 
ing of the current, this 
armature is at a greater 
distance, the wheel, by s 

dropping with the ar- ' 43 " ^^ 

mature, withdraws from the break and is ftien (** c \ &. se«* 
the effect of the weight of the lower carbon (<> r ° us^- ** 
barrel attached to this carbon -holder), acting **** m »t>OB* w 
chain which is wound about the pulley c fp^*'^ r*»io% v 
lower carbon-holder rises, and the current reS 
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energy, quickly produces a fresh engagement of the wheel, 
which checks the rise of the carbon at the proper instant. 
The slight movement of the attracted armature a, when the 
carbons are in contact, suffices to allow the passage of 
enough chain to bring about the separation of the carbons 
when the circuit is closed. 

In this pattern the upper carbon is fixed, and therefore the 
luminous point changes its position, a thing of no conse- 
quence for ordinary illumination; but for experiments of 
projection, the two carbons must be so arranged as to move 
simultaneously in the proportion of 2 to 1, and for this pur- 
pose Biirgin fixes the two carbon-holders to two chains, which 
are wound upon two pulleys of unequal diameter, mounted 
on the axis of the large regulating wheel, so that each move- 
ment of that wheel causes a double displacement of the car- 
bons. An adjusting screw attached to the break allows the 
apparatus to be made more or less sensitive. In this pattern 
it is the weight of the upper carbon-holder which, as in 
Serrin's regulator, brings the carbons together, and the attrac- 
tive action of the electro-magnet first determines their sepa- 
ration in order that an arc may be formed, and afterwards 
stops them so as to maintain their- due interpolar distance. 

Gaiffe's Lamp. — In 1850, Archereau, reflecting upon the 
considerable space that a rod of soft iron will move within a 
coil under the influence of the magnetic attractions, invented 
A regulator based upon that principle. He formed one of 
the carbon-holders of a rod, half of copper and half of iron, 
placed within a long coil, and to properly balance the attrac- 
tive force he used a counterpoise. This was, therefore, one 
of the simplest of regulators, and it had the advantage of 
being capable of lighting at a distance. In the hands of 
skilful experimenters, it could work well, but the movements 
being too abrupt and the oscillation too large, it often went 
out, and was not in fact a practical lamp. Jaspar and 
Loiseau succeeded in lessening these defects, but it was not 



VOLTAIC ARC LAMPS. 



until Gaiffe invented the regulators represented m Tig. 44 
that the advantage of this plan became obvious. 
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br iar" is again attained, and the same thing goes on until the 
Car t»ons are entirely consumed. ,_ , , t 

The small xn^h^sm fitted to the wheels of the racks 
m <,«rs the l Urni be raised or lowered, by means 

of a. key, w lt h 0ut t J lamp go ing out, and this is necessary 
lo cpt-al expe^^rder to p«oP^ «*» ** **t 



, t lame. <= ~ ^xc ^tAfj-s: 

- ,, iW^siV.^^^'a Lump, which .„„,„, 

«'jl"" st Xia > . ^^ IS?S, and is rejjresemad i 
it. ,B _„ient otx >*** 



TT 



ti«»\ s founded ^ ^ 
»»>» rffetts tV 

merit very vls at. 

*»=>"»»« v s "«■ 
totsofSemn, p «SUa. 
&c . jb ,dockw 0tk c »ult, 
on two tacks t,, »«'ng 
to the e»t>on-h M * 
and control!^ <*<«». 
detent brought in „ Y - a 

system. 

This system isf 
oftwocoU, a , B . « 

the.raxessli 6hllj , 8 

and ,m„ theM • 

end ;° fa »>f' iron core 
AAbent,„, ,„ g 

andtura„ gat ; Kn| . ddii . 

part abou tte 

A double «l„ fa „ 

nistrc springs r r r 

penduis Upm , h dj the force op- 



EZEc ^^IC LIGHTING. 

, &* C& ^e^^ 116110 core acts on the det ent of the 
n& i tWv ° f the wheels causes a fc>™rd 

' V Ulnt of v ra ^ kS ln thC Pr ° per Proportion for 
*t * 6 K. , 8ht statio »ary. The light current 
^t^&Y e l W °: COlls > aUd according as its intensity 
* Zr ot ^'^l 1 ™* core is more or less attracted 
^le c° lls > * sufficient enfeeblement causing a release 
** . teO 1 ' ^ ereup ° n the a PProach of the carbons ensues. 
*** sy stem ' M m 6 ° f Archer eau, Gaiffe, Jaspar, 

***&*» thC inCTeaSe ° f the ^rrent has the effect of 
" 0&> th e carbons from each other, and the clockwork 
<0^ M nearer together ; but as under these conditions 
«* thCt ?*he movab le P l fce in the electro-magnetic system 
!U th Hie and *» the attractive effect is much less 
£r^ ide -1 the <* se f e^ctro-magnets with turning 
^ than in t iof s f. the carbons are produced freely 

totes, the se P** io nS, which is an advantage.* 
Without osciB** ^ t ors which, during the whole duration 
rhese are the ^^e *o*ed with the machines of the 
the Exposition, P ^itn alternately reversed currents, they 
'/«*/#* Company- ff> x J- Van M alderen has shown that 

er real advanta^V ^ 1S alm ° St ^ Stron S l y d ™n 
t h these current ^V^T' -^ *** " * much 
o a coil as wi* *»" Z S 7?™ ' ^ to C ° m ' 
»ter heating rf ** ^ ^ e t. magnetism, and 

isate for this the**}**** 

e heater S^" ^ report of the American Commis- 

.^ t S* \^e t« a g net o-electric machines having 

a p ^> ^WP'sP^ this lamp ' we have considered it 
hS Qte d to e**^ ^* ion ° f lt here ' al ^O"gh it appears 

u §»"eat a>* &* X* ** in France - 

n? to filV ** A^ V*^ ^^sented in Fig. 46, is, like the pre- 



*e to £iV ^A^'W* «^ sentecl in F 'g- 46, is, like the ore- 
% 'o r ! 3 ^ Zer^C*** ° f solen <>ids. The electro- 
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■h 



*0w - «i^ ,^ 



*1 



"»* 



•fertile ^//' 






of solenoids in tome II. of my £.r^/ d*s 






'°! l L a '' t *■• above the upper carbm-Wer, „di 
,iW «ie anjj ^ ,i xed to a vertical piece c sliding 
...tavn SQ the a pp«»m» lo diHeratt 

. i ^ib QTXS _ Inside of the coil " n "*° M ' c ™" ' 

t***' 1- ***« below 

* s o^dt hatw}ien 
. t ^esjtt otv a cross 
e ft, otmvrxg . part of 
tbe ft« d »Vtt*tn of the 
arm t,rt\eaves the rod 
y/ bee, irtttcVi then de- 
s cenasby\ts own weight. 
The collar therefore 
maintains the rod only 
-when it is itself raised 
up, and this takes place 
almost constantly during 
the working of the appa- 
ratus, for a catch e fixed 
on the magnetic core 

supports it above; but Fi<*- **"' 

in its rise it cannot go te d, tor a screw 

beyond a certain limit which can be adjus > edge 
has a head large enough to hold it by its " ^ cross E 

The magnetic core itself is kept up W f wh ich serve e 
rhich act two spiral springs, the rods lde rs have n 

i,*. eaniA ,; — _.. „._-j__ ^^. -arbor*" 1 „*her to a 



3 piece c 
'he magnetic core itself is kept UP b3 ^r*whicl 
whit 

the fi __.. 

particular feature ; one is fixed 



the same time as guides. The carbo - ^ ot her 



5UpnorH«~ . 



te a to the supporting Colu 
^ manner as to be canl, and this las* *. 

* of the carbon re^^ .-oving^ £ ^^d 
^ lfS e of the upper c ar ^; f ° r «* this system i*^ C ° Q ' 

^lly, as in Archereau's o r :l hat is «££^ e ? *** 
*> the coil a is f ormed '""S** ^guia tor e<1 w ectm - 

^ a commutator sho ^ J^ w^^ 
4 either for tension or fn,- to P of the ^ -i y 

**>* the experiment! ** ^^Y> acco^^to*?" 
i* ' tion of this apparatus will K ' 

r ^ i5 not yorking, the two carbonsT^ Und ^stood- 
£* current can pass through t W are in conta^** 

^ connected with the ^ ^"^ «- «££ 
' ^ e of the cunrent, then at it s n f a e x n . erat °r. Under 
f^tic ^ ? r , a i- Sed U P' ca ^yinc^, ttlUm in tensit y 

V* /< <• the r , //ls thcn rais ^rand^K '- by its «***; 

#^< # the voltaic arc is produced, a^* 6 < W ° ca 'b°ns 
1 V* >» iS *?• ^ Pr ° per h^iits t h S ° lon « a * the 

* V?b« c0nd r n br ° Ught abo «t vX th apParatu « re- 
<? ^ , tfh<* *e consumption of th /„ tbe ns « of the 

**V> ,eat t0 notabl y weak en the o„ " S bec °mes 

, / V xi **-*, «d with it the iron !?'' the core * 

'v> i'*; this descent is not c om P iete \i ^ and th * 

*V V l L only by the distance t he' h \ Carbons ap- 

H' A\ ° r,e SO P 6 * that «» collar A S dro W>«»; 

c Vf * *L rod //is derated and f P n eSSeS ° n th * 

^^ //, th ooroach of the carbons k by its own 

*&*.> S ^t of the co* * Wffld «^ ~ 

e^/Lrf * b ° ^-TaspaT, of Liege «,,.. 

o *** **»»* to electric larnp s ' ^ one * the first 

'^s att^V^ ^5 the first , ' eeCir " tU > PUbHshed 
^ ^ 1 our ^&€£** W Sr he „ Sent to the 

Aitioti 01 our ^ ^ g ltv ce ne has paid little atr^ 

^on » the su\?) i<v 
V that he ^ 



L 




,lt ^^^^^^W i l^.^. 1,,,e r <,£, « fc 6M «» "Pon the 

*** %****L °^X *J n g °^r pulleys of unequal diameten 
actS . «\ ai»wi»r^«2kTtf «• re S u,ated b ^ a counterpoise which 
^ ir^^ ^ C force - But the '"Pavement in the 
a rod """ Jt> l ^t:^ k / ic>nsi sts in this : the lower carbon acts on 
met cOTy, a**! ^^^ which moves freely in a tube filled with 
it prevents atvy -^C* Uces two useful effects. In the first place, 
the tnetcury ^^ ^upt movement of the carbon holders, for 
■narrow space -^ x *»g able to pass but slowly through the 
of the tube, re^^ween the piston and the interior surface 
-place, it affoir^ s a too rapid rise or descent ; in the second 

The sma\\ ^ at > excellent contact for the negative rod. 
also a happy ^ Un terp i se serving as antagonistic force has 
^horizontally, ^ ; . an £enient. It slides on a small rod jointed 
of the cha\ n of *? °»e end connected with the free extremity 
"backward 0t for e ? 0vv «r carbon-holder ; so that, by moving 
may be mcr e * ard a " externally projecting stud, its effect 

Ex Perim ents ° °J finished. 

*<*>*. It is ™ ade ^th this lamp have proved very satis- 

the workshops ofr ap ^ lie <* at Sautter and Lemonmers, j„ 

manufactory 1 :, ^.^kerill and Seraing, in Denayerspap er 

sells, &c ^ at Wj »ebroek, at the Gare *" ■&&*' at B ™s- 

B^achet in *? P * This system is only an extens.on of 

« atDe relative P the Ca rbons are kept always at the 

means ofasnrin 1 e in s P«e of their consumption, by 

«f carriage lL" S pressin g o n them like the candle springs 

ke P* * a distant' *" Bai lh ac he's system the carbons were 

two h olhw coJeTj Ul< t bIe f or the formation of the arc, by 

vere Placed, and 0f u c . al <=in ed nmgn esia in which their pomts 

> a «d whlch ^ » S of stop ^ollar. As 



EJLECTI^TC Z~fGIfrZIV Gm 



ities "burned, away, they -were pushed forward by 
, and as they became thin toy burning at the ex- 
\ly, the cold, part always remained within the re- 
>ne. In RapiefFs system the same effect is pro- 
: there are no refractory cones, these toeing replaced 
\cks of carbon joined at the ends two toy two at an 
jr\e, and so arranged one above the other as to form 
^\ar systems in planes perpendicular to each other. 
^ts of contact which form the electrodes are sepa- 
^ (torn the other by the distance desired for forming 

^ arc. Counterpoises with pulleys are arranged to 

carbons of each system one against the other, and 

ese carbons are consumed, they constantly advance 

> pt common point of intersection, which remains, 
*" the same place. 

V 7?^™ ^ regulatin g system, the carbons of 
/ b b, seem to form an X, with this difference, that 
s# %yer carbons are nlacerl i« ** wi ' * l 

r/?\\<** *w „~ Piacea in a plane perpendicular 

4f /'uis «£ *?**•■ ^ Sticks of ca ^on SgaiSst 

^ ThlS C0 ^rp 01S e is guided in its course by 

^ y . ss- which at the same time ser™ « ^ ^ Y 

£*>> C Uou,se longer CSteT V? ^^ 

^VV^?^ 5 T d * ° ffice --when the eSem 
5< V^ * £ e f0UI t\Z ^ rb ° n are « co «tact, toTna 

^ /f*. /? * aIC - ? CCt 1S P^duced by means J,? 

/T /^~0 to the electro-magnetic im, * means ofa 

' **J* f> A ^ c ar "»ature, which cord, 

4? 




-AXC ^^Af^S. 



passing mt bi„ the colDlrrm s , acts on *e « a ot porce- 
flector of, cup shape, either of silver ed C °*T f the carbons, 
lain, is feed a little above the point of conta 



ELECTKIC LZCH7IASG. 
• asung screws enable the luminous beam to be turned 
*J& muted direction. 

V *1*bons 20 inches long and 5 millimetres in diameter, 
i^f supped by the lamp lasts, according to Rapieff, 
* JP «t eW horns ; but with a diameter of 6 millimetres 
W^bons may last two hours longer. This light may be 
^ C&\ at 100 or 120 gaskets, or at 1,000 candles; but 
^ 4% c • {{' S smaller patterns one may be obtained not ex- 
<£?^^£ ie gaskets. The inventor has also constructed 
^T^ ? w Vicb the preceding arrangement is reversed, in 
l& 4>& tbey may be hung from the ceiling. According 
^^ ^y^Yit resistance of the arc does not exceed 3 ohms, or 

', ^ ^ ine r arrangement Rapieff combines the action of 
^^r^pP 'c a* c wltu t<n ^ luminous effect of a piece of kaolin 

l*^i->o ve tne aTC - The four carbons are then arranged 
P /? ^/O tm t<ne * out eo -§ es ot ^ a pyramid broken off at its 
f /^ /j %^here a kind of bell of kaolin is placed, like the 
^ ^ Y& x °* a lamp, and this when glowing increases the 

^/^.g power, according to Rapieff, by 40 per cent. 

4? fr/yffi are Carre's, and a Gramme machine is the 




+t/j?*, ^ f V be u gh ted b y placing them in the same circuit, 
^ */r,^{7 /> ^V e used ia the 27wf ^ office at London, where 
^g^ <y ft Ji ughting has been in use for some time. 
r ^ y "J to the Telegraphie Journal of the 1st Novem- 

J^flpiefTs system of electric lighting, introduced 

r ' r **1^/J * '\ ty K ]• Reed, under the direction of Apple- 

~ & s* v4^./>n excellent results in tVi«* triple wVii^Vi Kova 






V ^ / ^/* The ^^P ® 1 *^' r oom is now lighted by 

' ^^i>^ V ^ s/r<f$*> and 6 are a PP ro P ri ated to lighting the 
>* f r^P irxtf^jP ^eat advantage of this lamp," he says, "is 

whole night without a renewal of the car- 
ty is always constant, even when the carbons 
^^IdP^'dP /T Iff*** l° w » axxd in this respect the lamp is prefer- 



0^7* * 







^•'2' =*s JT «=~ndle, for in '.»»*«,»,;.. 

V" »^«1» , candle burns on account of the 

^ t in ltie ^Pi^i^f of carbon the cun-«« (ms lo darew 

*' or deI *« VK^ la ™P that length is almys the same. ' 

'° r o tneT ^^x^ss _^ xt iriction of one lamp may not cause 

tto 1 " ^gthe cgL t ^ * **-a-pieff arranges the electromagnet that 

■1* tor- When ;? s >n suchamanner that it acts a. a com- 

™* et * ec< «*»-rv, e current passes through the elec.ro- 

»»« ll iscotav,Ve»I V ^tator is not brought into action, and the 

™ C ted « "tVirt^* trough the lamp ; but when this ,s ex.m- 

^•oatao^f'^r. ftomthe circuit, the elec.ro-n.aghe in 

dwA-J^tt^* i , r r toCe > eq f1he other lamp, is no. 
iMetWP" 4 the,.^. and thecrcu.t of the otn ^ 

^cot-o >™«ur«- y \ T1 ™ =«■«« B ob " hen the current 
passes, acts ^ ■ which, being attracted »W electro-mag- 
„etic action ex eTc .- ee P e r, thus increasing • co mmutator 

in action, ™h en T" sed on the lamp, and sets t amature 

yields to the a n ,* curr5 " no longer passing. 

In a new p a ,, ^°"'stic action. upper carbons 

of theregulator . t R *Pw ff »■"> replaced the P of carbon, 
which, as in "« ''"e described bya large P><= burn Thi , 
arrang emen , . ™ e ™an„' s lamp, does "^j^pjeff in his 
paten, ot l8 ™*»^ver, been indicated by ^ hayi 
imitated »„?" °V *« canno, be ***="'£ I, is this 

in *«*2f d ""^''""^t^hich res. on, 
block of m. , ' tI>,c> s " cks ■>' carbon, wn 
"oS» 1 Srt. TheSO ' UbeS « "Sd s»nce b..w«„ 
the carbons atle'd """ '^"^ -t the magnesia, so .ha. 
the arc m ,,, be orr^ "J? C ° ntact *"* .contact under .he 
desired coldtr^ Ve' ^ SS * *>«' " * ~ 
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fpe carbons, for these continually tend to ap- 
£,ck of magnesia by their own weight. A lamp 
w^y&b previously been invented by Staite. 

^^rmeir's l^amp. — This system is so primitive 
^fP Tlseci tbat it has received any attention. It 
^ ^ith a view to obtaining a longer duration of 
>^^0 d witb this object thin plates of carbon are 
A. carbon pencils These plates are placed so 
< gtf small angle with each other, so that the arc 

r^J ^sswely disyriaced as the carbons are hollowed 
s^ ^itO-magnetic mechanism analagous to those of 
^^ ^£ brings the plates nearer together as the action 
|^ ^^ >^ th* s mechanism acts by variations in the inten- 
^T ^^< ent - It: is certain that a lamp on this system 
^^^ JS^} ox m a lon S time ; but we very much doubt 
/^^^^ecttic intensity it produces can be compared 
^ '&& lamps, for the incandescent part of the 

T ^^ ^ considerably reduced in extent and calorific 

& <pjS. T^^m»on.*s Lamp, — As regards arrange* 

^ ^L and Thomson's Lamp resembles the ordinary 

s+r^tP w the lower carbon, instead of being connected 

Jl> ^ d& mechanism, is supported by an arm fixed 
^jL& '? +£?^ k sptiftg. This arm carries the armature of an 
^r^& & & t placed below it, and is insulated metallically 
^*\^V <£ <* e t caibon-holder, which is placed in communi- 
x, 0^* 0&sjQ^ positive pole of the electric generator. The 
h %? ft? 4?r & k - lXi tnetaWic communication with the lower 
^0' , i^/^ne negative pole of the generator, so that the 
^ ***^* 0& p \eted through the elastic arm of the lower 
i\0<* ,^4+ ^0 and the two carbons. The electro-magnetic 
\&& a ' & A c * therefore a trembler, as in an electric bell, and 

\*t° Q< l ^f^S^cw tapW series of interruptions of the current 

t^^X>-f,+ + \ carbons-, and this occasions repeated sparks, 

c*<^ +:*«" 






■***" 
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/*•«»« ll»xht by th«r superposition on the 
«» *V l v,P 1C ' ci « a »- *« avoidacontinuanceoftheaction 
•<« ^Sf^ TS *b en the carbons »re consumed, the 
//f« >*a S a £eaa! which by iMmr.ejaj* 

„.,ije r sWV 5 ™fe «>»,, ,eau ' ' ,»,= apparatus. Under 

S^jSms. tvJS ****»»* throo « h '^Sntoftheelectro- 



«o»° ..hrivt; loned to that «' 

BjP „e its Otlllta.^ 

«*•»*„«, and "r^ V " f „„«e, announce th» 

UO* ., «m,=C:, oiBson do not, of «"■" .*. hB . Maiche 
«^« ZT \? fOT fe *"= """""i u Jd tto means » 
S» l *! vSS Qli i«=«, and Lemolt also- ^ it „ s a 

J<^ "^ "i'hpowrf^^^Sg movements 
**"«th^* ai « n -** g«e the vibrating 
to the calW • 

.tern ° [ lamp 
"^IT? *>«>*««•. L.mp.-This sys ditecti0 „ s 
was itiventedfor dislri ,, M ,„ seve fore of a 

by OP 1 "^ m ,f"«- The app„a M s consists, « a polyhd™ 
regulator with, the l„,„i nou '/ oint enclosed ■» w„h this 
cage, ™ &«<« provided with Fresnel's leosc - systems of 
object, tne two carbon, are supported by l ™ an gle within 
regulating carb„„. hoMere enteriog , a cerKU" se carbon- 
the cage, and directed towards its centre. x flUe d with a 
holders are fitted to the two ends of a ' ut "= hi cb ma? be 
liquid, in which they form a kind of pistons *» t<J the pres- 
pushed to a greater or less distance according^ , f tins 

sore exercised by the liquid in the tube. At °" of which is 
tube there is a kind of bellows, the movable P a tbe armature 
provided with a plate of iron, which serves as Thjs amu . 
of an electrc-iaagnet placed in the arc circU \ according to 
ture being more or less energetically attraCt ^nt, exercises a 
the greater or less intensity of the light cu "T~ jn s to advance 
greater or fas pressure which causes the °f r ° fo re maintains 
proportionall, to their consumption, and the „„,, how- 

thern in the centre of the cage. This ores scre w. When 
ever, be regulated by means of an antag OI " s 



£.( 



wjnt is inter ru 
S& ,«* * the carbons 
" ^^e S ,tteinv< 

J5VV' > toot *« jS"' «he^'«* hi,""* 'he c^J 
$>>> >n6buMbg s , o ; ,h «e. ube f^°ns ; an J^*e «„ 
* ^'S !t each change of dirlf-'P" *ithV Pu 1»« ,w ,0 

^VVO the y h»e Pushed r e l ative g ™ «" give here 

A^rOe described. According to ^ »« s ysteIn of 

V #«^ can be supplied by .-horse po „ er " J°»P> on 

^ 5 y ste S irata «<".95 8cl ° dlK ' fo '»hichi *„"?' %"• 

^^^^tosaythat-e^notaccep,,^ 1 ^"' 

%■ V ' ri« them, it h •* to sh °» «° *« tagT£ 
V * rinations of Aoettcans wil go ( Se e thc 7<ftL 

. kinds.- 1 " ° ldH w """P'oe °»r 
IMPS or T »ri<>»' "°rL, p , it re ° amS °; V l0 !p " k 

of "™» Plans **' acoce.neveT** 1 ^ JTO^ 
important resulK ;„ V' e5 ut a>t»* 
of chatacio., „ hic n ° 








r vdi*' d !Mt°fFo\xc^'^ **" *= Io c kw o rk regulator Somewhat re- 
G t>K«f «^Y-x~ Jt^ *»*" Serrin, but acting under rhepo.ver 
«.:nd°. _ &Ulatrv» j ^.t-^-^f>.T-e capable of Jwmo- 



e 



7, V* a ftota a. rt? ^^^r, and therefore capab/e of being: 
IV'oaxam-. ?*>e. The system conststs therefore, 
2> P i* ^ ' ^* electromagnetic coil with thick wire, 

ulo^ A«nb\« ^"^^nt of the generator passes, and which 
thioOS ^ do u\>\e cic^ JlLmv ™* h * doub,e cIock - 

acts ** tioO.otl^v^^^ ^- ct , 2. A lam P tswit h fine wires, 

«**° W <be c U ^ MttweWnV ?S fa* intensity, 
excited t Q? ^*it of a battery of very^ ^^ ^ 

' fte ^W et Of I? generator, after hav ~ . there . 

**^oo^ ^ ^ e relay-regulator, passe ^^ 

i0ie ' ^ tefftokfea. ^ rbons of the ,amP '° which works by 
^•^uence of ^£ an dependent system W elay . regula tor. 
tVve Vcutre^v Vle two contacts of i tne Tiecha msm con- 
^^ ItCsS Has its M intensity, the "£ C * otion , and 
tt0lU °L Se co^^ 10 " of the carbons is set >» 7 eebled , the 

WhCn A docW Y^ y the c ™ent is t0 ° ™TJ& tbis *** 
SCC rbtnfrTe ^ ^^hanism is liberated, «*£ tbis double 

^ L lo^ t0 ^ t,ler - I» order t0 °? ^spring barrel 
actton xn oppose directions, Girouard used * ** ion of this 
wit h a double tttovement The complete descrjP ^ 

system may be f ou „d in vol. V. of my £*S" S ' 

*7n tdeff "^ P - 495 ' ^r^o»s, circular 

In order to increase the duration of the c . a ^ ric lamp was 



carbons have been used. Indeed, the first ele £L eq uently, in 
made by Thomas Wright on this system. Su ^ te d a better 
1849, -Lemolt, taking up Wright's idea, c° nstrl t ^ported by 
apparatus, in which the two discs of carbon, s £ tion by a 



two curved and jointed levers, were set i» nie chanism. 
double system of pulleys driven by the clock v ^ or rS) pres sed 
A spiral spring connecting the two curved these were 

the two carbon discs against each other, f-n ^ &q eccen . 
separated at very short intervals by * he aCt J° w as a series of 
trie put in mot ; on by dockwork> The result ^ iinpres s the 

sparks succeeding each other rapidly en ° Ug \ n came that of 
sight as a continuous light. After this system 



- D which one of the 

. de r, movable on its aS Was "P^Md by a 

^er. The u Pp * ^ so ™ to make the coo- 

*"* system ' which -««^"SJL; 

Ae arc and kept it con- 
stant by means anala- 
gous to those employed 
in other regulators. 

Ducretet has improv- 
fd this lamp by arrang- 
es n so as to give 
simultaneously with the 
ate powerful incandes- 
cent effects. Fig. 4 S 
represents this new ar- 
rangement, which, I am 
told, has given very good 
results. 

Lastly came Reynier's 
system, the most com- 
plete of all, in which 
each of the carbon discs 
was set in motion sepa- 
rately by a special clock- 
work mechanism, and 
the separation necessary 
. for the production of the 

arc was obtained by an 
tro-mag„etic system acting on one of the carbon-holders, 
producing effects like those in «■• other regulators of 
kind - (Seemy.S*M'' V.J-f^. 
**■><> 'he apparatus of which «e toe )«« i JPoken, tee 
• s » ■*>» of electric lamps to ** ch ' ? "' "»' k « ">= 
"oatiOM *,S, I have g"» *' "™ e ,<* "J* 
rs with K , elecUlClt J' * _ d which are at least very 

resting ^^ ""°°„ *°ri«L *» '»« «■*££ 
S> though not very prac" 




V'Of. 



AA'O z-^Ars*-?- 




Du^ca**^^ s***v\ t^v- , „„ntus, invented in 1856, 

10 ^ «er c^ 7 hlers f Ppa n U is directed by a float 
o n \y tn ! a \ong c y ^^ ^ s movable, and it 1 ch e(J 

ttted^catvo^^ «W* ^ s U e %ir of the same 
k c °? toA ^ U y a tUbe ' mt 1 Column that supports 
«***£ «*W ^ is *** on the crfum establishes the 

** ^cauotx ^~ >l0lder - The tubC , -l b-nt across one 
«.^??L ^ Ween the two vessels ^ to prese nt 
ol tYve ««««. v* **" "powerful electro-magnet s arra nge- 

* s <^uU*^ ath ^e armature, and ^ of the 

«»ent *«"*» tt^ the armature , pressing ""^s the part 
tube „hen the euTrent ^ ^^ intens.ty, P keeps aU «s 
of a stopper So ^^ &g ^ cur ren ^^ and 

powe t, the level remains the same in the *+° tbe current 

the lower carbon continues motionless ; but ** tbe arc, the 

peonies feeble by the increase of the length ^ a0t ity of the 

tube is then liberated a little, and a small Q this causes 

liquid passes f rom the reservoir into the tube, » reSU rned its 

the carbon to rise until the current, bavi^S strUCt ion of 

original intensity, has again occasioned tlie ^ OI1 istic to the 

the tube. The action of the spring an tag gn et placed 

electromagnet is regulated by a second electro-^ ^ h{ch acts 

in a very resisting derivation of the circuit, ^ to9Xax e of the 

in the same direction as it would on the ar e prolonged 

large electro-magnet, which is for this P urp 

.beyond its pivot. . , f moderator 

Mar$ais and Duboscq's regulator is a Ultl rt>on -holders by 

lamp, the rack of which acts on the two c * overn ent of the 

means of a double pinion, and in which the ^^ q{ the ii 

piston depends on the more or less rap *<* ■ parts i the 

below it. For this purpose, the upp er an 



>*"""* "s*^ 



zxe connected b 
192 i^^^V opening stopr> e< f f tl »b e> af . 

b tolled b >\. <£ ^w*** 61 or less i m ^ th e fl 0ur ! w ™ch, as 

^P laC , and recedes of the ^gen eratt)r b *° <*°tai„ ing ' 

c^y- tbe {u nnel placed between the succf ' a Series of 

* V * ic arcs wev^ ?*«•». and the c ombi ^ o e n SS1V f e <*°Ps of 

V f discontinuoa^/ lig bt to erably b riUian ^ * *** arcs 

fiedasource ^ ^closed by aglas s tab/SS^*- The 

f ^nous vein «*» t * e mercu T should not con' % narrOW 

tot-o-so^ * -non ;oo k place ut^~ 

surfa ce ; and as was not oxulued. Way * ^ 

o^ 60 ' the eS * ° Sl ? JCtS ° f merCU ^ ins tea1 of a 
first arrangement ge Jets were SQ ^^ ^ ot a 

sing le one, and from which they flowed ^ ^ X et 

toget f r ,Wd and * temi P ted the currents continually L 
He also closea ^ dccWKnot or set i n motion by the battery, 

me f ^Vndi drove the mercury pump that supplied the jets, 
in spite of these improvements, it was necessary to 
BUt ndon this apparatus on account of the mercurial vapoura 
•,t escaped from it, and which at length killed, the inventor. ^_ 
Moreover, the light attained to little more than a third of £> 

t produced by the same current between two carbon 

P °^ s a special form of arc lamp, I must say a few words 

b0 ut J- v an Malderen's regulator, which is based upon the 

oU lsions between the contiguous elements of one and the 

re ^, e current. it is a kind of suspended compass, the 



L 



jjo'" „e ttoefci^. •^"" rx "y at their ends the carbon-holder.. 
.M'" „o "" Q-* VY * or »=ontai/y opposite to each otner ' 
Th^'^d »" v «ry ^^ compass are insulated tnm each 
tfh et ttf° ^m^-w^^tly movable. They are connected 
«itfl *. i0 contact "^ of the circuit, and when the carbons 

affl> e .wtto 5 ^ 8 - Ar^-J^- ***** tendency of the carbon-holders to 
I 1 ** ,£.& pW<» tl «Ilj, the passage of the current which 

*» . and ptort .^ >iuces a repulsion that separates the 
■ »( eomlibri.,, * i « s » th » arc. There is then established a 
MK .» «"*!■ ^L tM *«« this repulsive force and that 

t^ r r- S" st - te ° f ^"tttcad';. tr£ 

*** CW w "^elr T^Tof sirS £«»»* »° 
i ca»»«< ** c <*» slc1 "V"* C '" ien ° .use The same 
„.,.W>"<* t^^^d of any practical lu«- ^ 
,o the s»»>e Princi^ of Fernet, which ts arrange 

1„ conclusion «J e - doy D«bos, 

„hich » »»h«t i^ e sha11 mention a lamp invented 

In this lamp th-T*"' 1 * '""" ' ,S anange "r e °d*»i«'>o«any 
clockwork, in co '"minons point remains nxe j^hno^ 

which are « tti 5, M " of the shape of the ned by 

two arms jointed .„ ■ These c " boM "t ,,-e circumfer- 
ence formed by , h ° " P " vot in the cenBe ° Ordinary regu- 
.ators, an elec,^'™ «*~ .As in *%^e^rtart 
holders brings then?" C m <»°">'"» fixed *„sumed. As 

*- displaLeT ^'"n, " "T S, <" = «"" * 
contact f th wk<s place circularly, , ; h 

and c„nse q „ en '™/ emai « -"J- * «£ t teT luminous 
point same is the case with '" 

There are vet a c , -,> shown at the 

Exhibition,,^' * f ™ other tap, .bid, were sh 
in varies J ,™ £*" "^ .and which **« ^"Lnong .he 
rest; tat these ta' Me ° f F ° n,aine *"*, Ssf complicated 
mndiricioJ* ~£ "f ."*'<% »"= °' 2nd therefore we 




y* -^ A relative of T r0C ' d,e 
Z&t^Ziiii "*«* enthusa* 1 ^hoat effecting 

^b^t» j the tend. It was Dnboscq who &» made ^ 
l«t»f* f raoce 



# l*»»v-In this apparatus, which is represented 

V7lo, cdCh lumiEOas centre ' ""t*^ «* ka^mg only one 
m Juim. fr«* P rovided *»* foar <* *»«, and all these carbons 
ca * bon ' aJ ,g<rd vertically and circularly, were terminated by 

A ^lcarbtf c y ,indere in which w ere incorporated, in the 
* oper part** * °* ** ^PP" A B of a successively decreasing 
J^ P ^cir lower part was connected with one of the 

tranches of ^V^ ^ * he "PP* V*™ connected 
with the oft*** brancn only by means of a kind of jointed 

metallic cap wnich rested on them bv » ts own wei S nt Tbeir 
height howe ver ' bei " g different » this cap could only touch 
the longer «*»*• tf° w > " would follow from this arrange- 
ment that if * bis laSt Were to break or be completely con- 
sumed, the cap wooM fall on to the next l°«g e !° ne ' Z™ 
*rcu1d thus send the current through a fresh carbon, «a 
«routd be instantly illuminated. The latter ag**^ ^ 
the cap would transmit the current into a third «» ^j^ns 
»o on until the last. Experience had shown that n ^ ^ 
thus arranged wer« ample for an evening's iU^ have twice 
during some experiments at which I was present ^ taking 
seen th e i amp wor king at the moment of the * up 
pl « C " , „c of course 

EftCh r>f tL .....mlo c,,.,^ «• . t_-„c «**" •.•„.!, the 



wwn i of th ese au int«ple systems of carbons * w hich 
St?l in a heLeticaUy sealed vessel w, **JW 
!lX^ eCn whausted. ^ their difference <£ great 
SSdhT* 8 ° th " the cum ture produced by - t*« * 
" n n °< ca Use a d< vision of the current. 



was 
heat 



thai 
the 



electric lighting. 

g , where three of these lamps are in operate 
-t?*Vves alight equa i to 20 Carcel lamps, an d ?k ' each 
[ & <P £y the curren ts of one of the Alliance Com ^ *? 

^^ &» y s 

** *i£ aineS Lam P— This la *P accomplishes ^ i 
rtO**^ object as the preceding, but by using only one clr 

****€ & ^ ^ T et ' C0 ^° Sed ° f a C °PP er base two 
o*. * w> d *' tw0 baTS for ConVeymg the curre ^, and a ^ 
re^ cal u *ti*g- 

Cot: &&* f t be rods is perforated by a small opening from top 

Otve o and nea rly all its length there is a slit which 

to fc° U ° Q ' s tnall lateral projections to pass through. The 

a \lows tw . tttroduce( j into this rod as intoaporte-crayon, and 

carbon is ^ ^ tfce action of counterpoises attached by 

i t tends ^ ^ the lateral pro j ectors on whicll the c^bQn 

very sma J f t ^ e carbon to be made incandescent is 

rests. The pan 01 # 

, , j t. ^ i,*n<: of two conical blocks of retort carbon, 

held between the up* v ^ , 

A „ , t _ the base enables the length of the rod 

A screw placed under ^ I1C . &. 

which caVries the upP* comcab block t0 be mcreased " 
Wile ^r tC , h ° UC d,S ^i' ced in a circuit the carbon rod 



£?**«*<! h hm P is f ^ ol) s, until at length it breaks- 

^'' ,S ^t IT 68 J ^S is * strolled by an *£ 
4: f r °Pe,: > m^ftbe carbon-holders; the ^ 



eQ * w^e Un the lip s J ,bes out of the groove : any 

e *£*** >* ot *> V the counterpoise of * * * 

' <! s O y s . ^ < ic h goes into the »PP* >d 

S f \\ the cuV ^cts, but in the revert t6 oe 
Sy **<>^ f on taine , do esnota^ y 
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WCAJVDESCENT LAMJ>^~ 

grood results, on account of the multiplicity of j t 
when by chance it does work regularly, the U gh f P arts 
more intense than that of the Konn lamp. U 8 " 



more 



S»wyei»-JMTaii's JLaiup. — This, lamp is nothing 

King's or Lodyguine's in all its simplicity, except 

significant arrangements for lessening the calorific r 

and we are surprised at the long accounts we read 5 

English journals about this lamp, which is proba/fc>1 

better than the older ones. In this system, the vesse 

taining the incandescent carbon is filled with nii 

avoid combustion and the deposition of volatile pro< 

the surface of the vessel. The carbon itself is rattxe 

its resistance does not exceed 0*95 ohm, and eacl^ 

supplied with a derivation, in order that the conditio 

distribution of the current may not be changed whe 

of the lamps is extinguished. The commutator us< 

a manner that the current gains , successlve X z 

degrees, and after having passed^ M ^^ ^^ ^ , 
resistances. It is, according to ^ f - y incandescen t: Xse= 
this precaution that the carbons ^ ro niagnet ic regis 
so soon spoiled. Finally, an eie ^^ e ef f ect as a. ^^ 

eluded in the circuit, and has t ^* of distributing tl 
Wesha/Jnotspeakoftbesyste^^^^^ on the ^^ 

among a/1 these lamps, /or it js ^^ of Werderma 
derivation, and is identical ^^ Retailed desenptri 
^ rtafl presently consider. ^\ e ^/e^raphtc J~o^ : 
h *P may, however, be seen ./^^rxeoessary to say 
^ttary ^ 70 We think * u ^*t English an 

it *u 79 ' - «tirr>ri se ,^t*ie about -th. 

. Jf ' «*au to express our sur ^ s0 little 
^tai* trouble themselves 

Vein/oi}s - e seen, on p^ 

\Sf& ^^^^ The lam ^ 




Ste on which this 1**"P 



ELECTRIC LIGHTING. 
j those that we are now examining ; it perhaps 
to& tvt°* (jooer one form or other, solve the problem 



may 



.<£."" 



»f it ,-5'v4.i b -. 5t . 
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FLECfP 
>4 „« c<> m P Uc ated arra«„ 

v . o \& S movaKi- T^gement, and 
lateral contact has a 1 tb e *°*able carbon to produce 

be end contact, is placed * „ leqmred. T he 
b t ^ay therefore be selecting ound. The arrangement 
; ge lf is fixed instead of «* lcS * to be susp ended 6 from a 
^ v en to the apparatus el* d horizontally : in that ^ a 
LiHog- It can also be V^^o*- 

spring propels the movable a nd Lemonnier's, with ten 

Experiments made at S* ^ ^achine with a speed of 930 

-^eyirier lamps and a QaP 1 *^ in a circuit represented by 

turns, gave the following t eS illemetres, or 3o metres of 

l0 o metres of copper wire ot 

teleg^P^ Wire : Luminous intensity of Total yield 

-. . fth* each lamp. of light. 

Number of lamps Indications of '■ -; ets . 

"intension. galvanomttre- ... '51 75J elb - 



ision. Kdvanomttre. ... »SJ 75 

* ~ • • • TO 0-Q 

o — 70 

5 50 



••• ••• ~j 

••• 22 - . ' 

7 •-• 2X> 



w ••• ••• "^ v • w 

10 1 5° "" g^toe circumstances, with 

Sarin's regulator gave under th ^ f 320 j ets 
a deviation of 2 1°, a luminous vn te ^ e useof i ncan descence 

As regards total'luminous n* 6051 ^* 1 thatof ^ lampS ' *f 
lamps is therefore less advantageous t- of A e division of the 

with the former there is the advan«*& it w ith comparatively 
light, and the possibility of obtain!** about I0 centimetres 

»o m £*<»«*, « Umps could be \f ht W £, „, 
8las » sfoK° Uble Bumen cells. Thf^ot W» ' d e *»- 
'"° « ,h? »* Wft, aad «•*-*?/£ «#"» * 

I^ «W, «"**- "**" ted .'*»."*■ 

^;,C- l8 , 6sA Va,e J ^d^>*' s4e 



t 
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SWCA2VDESCENT LAMIAS* 

" A rod of carbon t rests gently by its wei ght 
its carrier on the periphery of a roller of retort**** **" 
and the imperfect contact thus produced gi Ve * . cart>c> 
incandescence and combustion of the stick of C a b rx 
extremity." 

We may remark, however, that with this arrange 
which the transmission of the cur- 
rent to the movable carbon is not 
produced by a sliding contact, placed 
at a short distance from the point, 
that the light is only produced at 
the point of contact, and it can be 
but very feeble, whilst with Reyniefs 
system, in which this sliding contact 
exists, the portion of the carbon be 
tween it and the roller is heated to 
incandescence. It appears also, on 
an attentive examination of the pa- lter 

tent, that the carbon roller ""^^f^H^ 
sulating and conducting P° rtl °"r' light wa s the * 
to a rapid rotatory movement, t ^ ^ the mom 

series of sparks which were f >ro ^' U ^ f triG insulatin - 
passage of the carbon t on ea.cti 

W erdermann'slatnp 

Werdermann's Mjan*&'-~~ rse c\ ; t» ut this ^^ 
cipJe merely Reynier's lamp ^Tj^ination, for w** 
is more practical for public 1 ^ keS u se of the 
specially intended, and it w» 0m 

*<*on. It is represented m ^% x i y of » * lend ^ 
tl- - *~ ^ssen^ 1 '* -^ ^.vh serves 

?* system consists e ^ a, ^X^iiar fi 



Fio- 




**feid'^i^r of ^J^^m °< ^ two 






er Part connects it — '^ ^a P*f . ..„ raise the 



**« 67 tivo g ro °T« const^^j^ge carbor*. 




%0 <erpoiseVthat tends 



'oit 



*P it lightly p* eS 



se a »*»* 



so6 ELECTK'S<? ue *lmo. 

inches diameter, "™ich is lcep' » a filed position byare 
acal suppon D . This support is tad to a kind of tad- 
shaped covering s , which receive the ashes f rom the com . 
justion, and pemiu „ gUs5 globe to be „ tt( , d to th< _ 

Tile up per ^rbor, disc is co nlM ctl!d "ith the negatived 
r «l" genem<7'. and the met» ,Uc 8" ld e T of the carbon 
pencil C o"=»Pond, vm„ the posilive 
pole, so that only the pon^ ofck 
carbon t>e«ween the tube and the 
upper c»r b ™ « brought to incan. 
descence. ""s incandescence is in- 
creased W lhe _ action of the small 
voltaic arc which, as we have said, 
is formed at the p ; nt f contact of 
the two carbons, and it is increased 
also by the combustion of the at- 
tenuated carbon. The upper carbon, 
by virtue of its greater mass, neither 
burns nor changes. The action of 
the counterpoise is regulated by 
means of a spring k provided with 
an adjusting screw, which, by press- 
ing more or less on the part of the 
tube surrounding' the carbon, acts as 
a brake. The greater or less pres- 
Fic. 5&- sure of this brake depends on the 

formation of the voltaic ate between 
,h carbons, or merely on tne incandescent effects, 

and '" <" ,hi!l civcums,,l ° c e that the difference between 
Wer/ ' 5 „r)J>'sand Reyniers system specially resides. In the 
b "a « Ztt"""^ aabo ' L » too contracted to take part in 
the f e ,»O n of " atc ' whilst in the other this carbon is 
»n*M ***, f' ee '"' " ,is eff «t to be produced ; and thus the 
d «0. »""•?,<" the m ° Vable CMb on may without inconvemence 

"* 'C' 0* ft PUrpOS,! °> »aH»g « iUt Tr . 
'" £?gff» "' ,he W «de, ma „„ lamp the »PP« *" °< 



WCAKDE& 

carbon has been advanta£^ 
copper- 
Experiments made in 
England with a Gramme 
machine arranged for 
electroplating and work- 
ed by a steam engine of 
(it is stated) two horse- 
power,* gave, according 
to Werdermann, the fol- 
lowing results:— 

" i°. When the current 
of the machine was distri- 
buted between two lamps 
the brightness of the light 
was equal to that of 360 
candles. This light was 
white, and apparently free 
from the blue and red ray 
so often perceived in the 
light of the voltaic arc. 
It was, besides, perfectly 

" 2 °- Bv placing in the 
circuit 10 derivations, each 
corresponding with one 
lamp, as shown in Fij^-. 
57, 10 luminous centres 
could be obtained, each 
representing about 4.0 can- 
dles. In order to render 
the action steady, coils 
a a a of small resistance 
are interposed in each de- 
rivation. Under these com 
was 0-392 ohm, and thereto] 
was only 0-037 ohm. 

• According to the par titulars s 



ElSCr/l/c LIGHTING. 

. oS ^ «* e '^ *t' ^ ° f th ™ kmpS " e in operation, each 

" 8 ^»* , l^qual to „ cared ,amp,, a „ d ^ „ e 
Pel^^tW PJ , M C"™^ or „ ne of the Atom, Company's 

tna c " .-jniiie'3 * mp ' — This lamp accomplishes nearly 

^** object 3 s ^ e P re ceding,bnt by using only one car- 

** ij.*** e - s ,like tb efotrner , composed of a copper base, two 

tVie » Jt ' tw0 bars for conveying the current, and a valve 

,5 °"\c» 1 tint 

*"? V**^ tW to<ls is <* rt ""ted by a small opening fro™ »P 

Of" "' and nearly all its i engt h there is a slit which 

to * ott ° o small late" 1 projections to pass through- The 

aYtows w . ntro duced into this rod asimoaporte-crayo">" ,a 

trends w *J b / *» **>» of counterpoises auach^y 

very small «»* «o the lateral projectors on which the ^ 

rew The pa" of the carbon to be made «eand» wa 

held between the li ps of mo ^^ blocks of retort ^ 

A screw placed und er , he base TObkt ,he length ol or 

whicn carnes the Ur ,„ . ... v to be mere* 3 

diminished, and ,„>" ™ * l«& « * < d 

<»•=. iTOino. par,. 1* Sf ? <" le f '"£ is accomP"* 1 * 

^ou^^b^-^I 

1 (f,_ "V r,. r ,,_. - -- l -o oiir /T .nOISc iT ol 



^C?^ h c *C^5 "* 'he ' u</ the of V2L 








V 

^ 

^ 

*. 

* 



g ?° d r * Sul *> °» account of <? f^S AC^ 
when by chance it does ^p ^ A^V^ 

more intense th an that of h0 T^ ** lJ^ K 

Kmgs or L dyg uine > s * i^^*>^ * 
sigmficant arra ngements for ^^ V <Hf ** < 

Entlhh ^ SUrpnSed at ^e la^, ^ * V' 
English journals about this \^i V*?<^ ' 

better than the older ones S ^ *$**£*■ 
taming the incandescent M */ « ,s ft^t 
-old combust a^he 2J3** ^2^ 
the surface of the vessel. tT caf^o^ v^ ** 
its resistance does not -^t ~? e , l <^, *« 

supplied with a derivrtiorT^ !" 9 *° h ^i f * 

distribution of the cuTr™' <*** ?** ***?* 
of the la mps k extinguTsHer ^2 ££^S 
mg and extinguishing the 1«« - cotntt *«:ator , 
* manner that the curre«T P ^ m ° teove *> arra 
degrees, and after having gamS ** ?UU inte] 

resistances. It i s a ^ Z* . passe<i through succes 

this precaution that ?£e ^V** S * w y e * Ma ^ *< 
so soon spoiled. Finail bons of incandesce 

clud ed in the cir<~, , i* J * , an elec tro-rnagtietic 

We sha.1 no'speat of tl W ^ Sa ™ ^ ' 

«n<«g a.. the Se P w" f for [T^ ° f ^^ 

derivation, and is^di^i T - ^ founded otv 

we shall r " , ld entical with that of Wet 

we shall presently consider. A detailed de 

lamp may, however, be seen inrt^ Z / * 

January, 1870. We fhf^ * *>*®r<# 

iV ♦!,„„ 1 thmk ** unnecessary t 

it, than to express our surprise that EngV 

inventors trouble themselves so little ab 

ventions. 

£.Reynier 9 s Lamp. We Have seer 

principle on which this lamp is based. T 



'" -rfaiit ofai those tft »e are „„„ 

i«.J?" s0 „.e day, under 00= <™1 o, »,,,,,, ™' n,n 8i it perh aps 

«>»>' ' ve the problem 



■ ■«■ S'- 

of the divjo-t. 1 .iflBtfonn 

° f i[ « iS '*' ° f the r ectoc %ht. The be*' !*„ .ill be 

"Panted in F,g. s ,. „ fa mmpos ed, - 



seen, of a long 

in diameter, st 

slides on a. holU 

rests on a cylim 

'■■■ fixed to the o 

closes the rod c 

about) from the 

ducts to it the p< 

rator by the carl 

brake f, placed 1 

support a of the n 

in the tube r>, im 

support A, accord/: 

carbon disc r. Fc 

this disc forms a roc 

the disc r is fixed th 

The point of cont 

is placed a little ecc< 

ing through the axis 

of the system from tl 

yential impulse may 

1 1 to make a slight mo 

ash accumulated at th 

caution, this ash migt 

light, at least with the 

in use. 

The problem which 
may be seen, to make 
descent towards its extt 
to be moved forward c- 
wfe «i from the French 
''^explains the data 



1 cylindrical c 



prism 



^versed between * 
)i. *£ J ***** ""* *** * 




elbcT* ic ^GurrifG. 



u intense enough to ^^ Portion incandescenf tk 
Cte« or leaves though the contact /, andTw Jt 
trough the contact * The contact /, which ,i *T ° 
^ierod laterally; *• contact b ton^ i**? 

? \ m *ai*~~* the carbon wa*t» e ^ -. L cnaways. 

J 



«%.•«* laterally; *• contact b u^TZ ^^ 
5 tb ese conditions, the carbon wastes at « s exfrem^"' 
% at any other place, and tends to beconSToSe/ 
* e*tly. if the carbon C is continually pushed fa tfae ^™f- 

? tl»e a"™ so ** t0 alwayS press on the er »d contact b it 
«i»c e Rra* 1 ^ ^ lt ,s consu med by sliding in the lateral 
V 9 . The heat developed by the passage of the current in 
;t . greatly increased by the combustion of the carbon, 
id *' 



W*J§ 








Fig. &• 



Fig. S3- 



In practice, I *■** -the fixed contact by an «^££ 
V 53, which removes the ashes of the carbon. * ^^ 
the end contact is concomitant with the P r0 ^ lalter on the 
nt of the carbon rod, so that the position of tbe . stn . 
i contact acts as a brake on the moving mechan 15 j^ esta _ 
4 The principle of this new system of lamp & aV f r carrying 
shed, it Was eas y to invent simpler arrangerne** 1 * in g before 
»ut. The samples which I have the honour of pr ogression 

Society will ex piain themselves at a glance. ' rb at e obtained 
he carbon c and the rotation of the end contact * # To wind 
the descent of the h eavy rod of the carbon-hol^ er ' fbe * od of 
the la **P, this rod * as merel y to be lifted up- ^^ of 

iSST*** experi^^ 5 , 7*> * R ™ prove ^^jJS** ^ 
> the 0r a taCt is inmspen^ le for obtaining a somewhat P r 
° r ^nary c^ b f commerce. 




carbon is put in its pkce wW ,^ 
apparatus for reg u i atillg „ ^ 

, Pre r?V° instructing ,tS** 
described, Reynier had contl* 






/ . 




Fig. 



54- 



in which the carbon cylinder was moved ^ jc 

mechanism, checked by the pressure of the c ^ ^ 

end of which formed a brake, so that the c ^ ^ 

only as the carbon consumed. But he soo^ 

problem admitted of* a. simpler solution. ^ 

Quite recently Reynier has given his lamp t , c 

in Fig. 54, which yields the best results. In ^ 
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arra 



°ereu, ( 



^ contact, »s P « th e u p * <*r bon — <*««, m 

*> i^f also be pUce, £*b. .*£ iu^JJ 



It caJ» 



»^' r opels 



f propels f- at Sautter 1 



that 



case 



'* -^ the f° llu ^jre f, n a cirr„/ s Peed ,,r 

r 3o m etr 





,h wu " e : 
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gerrin's regulator &*J^$? same 



*5 jets 

* • • 

• • • 
io — 

• • • 

5 



^W d 



Total ^ 

75 jets. 
78 _ 

70 -_ 

5o _ 



S errin's regular *" . . - *«m e circumstances ^v, 
Aviation of 21 *, a iT^^^ ° f * 2 ° ** ^ 
As regards total luminous intensity, the use of incandescent 
,mps is therefore less advantageous th an thatof arc wK 
:+u thp fnrtv*^ ., „re is the aavantao« «r *i^ ,«„ • • r ' 



ght, and the po S si bilit y of obtaini ng it with comparatively 
nail electrical po ^ er - The y consur ^e about io centimetres 
f carbon per ^^ . fc U t by taking larger carbons and arrang 

y fh ~ generators' f° r <l uantit y> th *s consumption may be 
reduced, m the experiments ma<l e at the SociHi 



th **vjur> — * w o^ 1 ^ ° 

« f tne generator* for quantity, this consumption may be 
luch rc J ' *" 



encoura 



om 25 d 0ubl ' ~ x MU,| ~ ,; " ! 8 ! ht through ground 
358 ^obe s t 6 BunSeD f US ' ^ 1,g ? t equal to That of 
'°.° r ^ree ^ S0ft > ^ appearCd ab titfhted and extin- 
,s hed at ^„ 8as -Jets. They could be ll * 

•? the ye a l nted a lamp on a 

" ,ar Plar, '? 76 . S. A. Varley had p» te " d which is de- 



'bed 



as *bliI h,Ch ^e show in Fig. 55 > 



JNCANDE^ f?Z*. 
" A rod of <^rbon x rests 0?f ft*' 
its carrier on the periphery a # ?** 
and the imperfet CO ntact tb a 4? k\ 
incandescence and combustic"* 
extremity." ^ ^. . 

We may remark, however, tf***^**^ * 
which the transmission of the \^^ 
rent to the movable carbon i* ^rl 
produced byasliding contact.pl** 7 . t 
at a short distance from the p°* * 
that the light is only produce* ** 
the point of contact, and it can *> e 
but very feeble, whilst with Reyniet' 8 
system, in which this sliding contact 
exists, the portion of the carbon be 
tween it and the roller i s hea.ted to 
incandescence. It appears also, on 
an attentive examination of the pa- 
tent, that the carbon roller n was 
sulating and conducting portions ; 
to a rapid rotatory movement, the 
series of sparks which were produ* 
passage of the carbon a- on each 

Werdermann's Lamp Wc 

ciple merely Reynier's lamp revei 
is more practical for public illui 
specially intended, and it malt< 
action. It is represented in Fig. 
This system consists essentia 
moving within a metallic tube 
guide and conductor of the curi 

lower part connects it -\>y meai 

the tubes by two grooves and 
counterpoise p that tends consta 
to keep it lightly pressed again 



:<& « kept i^ a 
rtf*^ ;<* support io c xetI Position k 
£^ich receive ^ to - « of^/ T 

^escence. llu ls . brought to j-"* 



^t^> »y the co^k " is wcreas^ 

* ?y? V,nUe ° f *• grel C " PPer <***>,, 
*^s nor chao£r er »-s, neithe ; 

*** ^"tttpouJf*;. The a «'"on of 

*** ^djusbng ^ « * Prov,ded with 
^ tfiore or 1^ J ^,ch, by press _ 

^ surroundi^ ^ *vP« of the 

^ * ^ of this br^r d er ° r ,CSS P fes ~ 

« * U So»* ion of the voH ^ Pe ° ds on th e 

ot t*^e that the S? CSCent effec *> 

ja ndReyn<J to o contracted to taktJrV 
.ble carbon >* ls t in the other ^ £ 
, of an arc, ** to ^ prod^d • ^ "* 

* for this effe^o mayjnthout i„ Convenie ^ 
he movable c^^of """W * laat l onger ^ 

for the puipa* ^ann lamp the Uppet ^ q{ 

ms of the Werd^ 



t 



f 
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carbon has been advantageously replaced 
copper. 

Experiments made in 
England with a Gramme 
machine arranged for 
electroplating and work- 
ed by a steam engine of 
(it is stated) two horse- 
Power,* gave, according 
to Werdermann, the fol- 
lowing results : — 



207 
^>y a. disc of 



"i° 



When the current 
Pf the machine was distri- 
buted between two lamps, 
. the brightness of the light 
was equal to that of 360 
eddies. This light was 
^hite, and apparently f ree 
from the blue and red ray 

. .; *^ pUcing in the 
circuit ia ^ ivat i „ S) each 
correspc-^^^g with one 
lamp, a.-^ ghown 5n Fig. 

^ vo luminous centres 

wmSAl ^ obtained, each 

tepit&^^g about 40 can- 

dks - In order to render 

** Action steady ' C ° llS 

""*£%* "*?£ 
are ^ l .a in each de- 




resistance of 



^ of sm ali 4 — ' . ^ 
are \ l a lti each de- 

wV ^ terp °nnder these conditions 
iisk ^tion. \» d therefore the total 

■*N o^ ^% hm . 

O 8 ^ ° I the particulars sent to me, this power .liould 



be 



m thG * ird P°f «> the circuit ^ i£f cU rreot th 
lamps benefit by t f, e . n of * n 

viously passing through lat oP- ,_» of, tn ~ , 
Besides the resist^ *** st> oV ^ r e of *f 
placed in the cours e o J e pos^ se rve to 
which are indicate^ * -pjg. 57* * 
brilliancy of any pa^ti^arlamp- ^ _ lately J* 
This system of ^^"^ la«*P ** ^gton M . u 
London for lighting ^-f^ SoutU **- er Vf\-preacl l»g 
it is said to have p^ucecL a. well- ^arkabl 
quality, an agreeab! ftoe ss, ^^trW ° f 
(See the journal ^f S £* ^/2/^ ^^"^ 
1870, p. 72.) ^ also m 



to light a mucV R * It: * utn t»ef ^ et aetrt of t 
pattern and v^t ^T ,S^r ^^f^urselves 
We shall wa * an J J^ 1 "" 1 result f<> r ^ 

giving a li^J ^*e *'5 TI^?*' * T ^ 
form of thi?, ° f 2S Carcel *Jioh # ave th,s ^'c, 
form iS Qo r klnd of latI) P ^ rt for us to descrifa e 
(See Not e v- Suffi «ently k *?°T;i S volume.) 
JLi at the end of tn 

given a ne ^ rorm of * e ™F-ey» iers *•*& w j,. ,* 
what that -Tl Arrangement ^ ftt once ^ c/) 

economy r Werdermann, a predge P^ 

small car b " Fig. 59 w >" J the incande^ * Of ./ 
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•This fine carbon is guided between two 
vided with r ol lerS ' fricri a3so carr y the current to it. The 
s P«ng rollers •** ^oP 6 *"* aDd P resents itself to the carbon in 
cylinder c is ° f C 



WCANDESCBir* ^^ tan 
such a manner as to fc »» ^ lur r,inate 

sure against it, i„ D e ame s tt»<= "V, n enc 
consumed. K,^.^ ^'X.flueno 
plied todomesticil| u P *" „ uo d« th „ is of « 
fton.6 B„„s,»ce lls UB "i»»»^" f «*»» " 
diameter than those. T** B- e y nier '„r. ine at 

whrch is exactly th at J th e P« ced "5et <=«»» 
much Jess excellent —„' ditioivs, arttl ^_ OT ethint 
have not hesitated t «^ *,„„nce it °» s 

Dncretet'8 fo*^^^ „ «- e -'-»««*" * 
ment of the kio.<j.^^ , 

luded to has av J »JSt a 
given to Reynier's 7=* *> een 
DucreteL In tHi *" p by 
shown in Fig. 6^ form* 

of carbon c M i* tcie ro< * 

being pushed by ^ Stead of 

P"^' » Pl>Mt EM <::ou,,t,Sr " 

column of tnt™ m a 

a long i,o n J^"*. filling 

forms the boa T ' which 

A cap and a y or the lamp- 

B guide th elastic collar 

well as the ^ T °^' ana » as 

to it the ^^rcury, impart 
A carbon si >ive polarity- 
ported by blinder H, sup- 
movable j *«etaUic arm s, 
a regulatj,* 4 a socket with 
am " re 9Ui,- ^ screw, allows 
given tr> -*?**■ length to t> e 
portion. *><s* incandescent 

reaches „ -j he cur rent 
•be» ncll »«s- apparatus by 
^rC, and leaves 
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vided with rollers. This fine carbon is guided between two 
spring rollers g, which also carry the current to it. The 
cylinder c is of copper, and presents itself to the carbon in 



500,1 V io8t ita^f™ 00 » «"» i»»»^V, 

C» 6 * ^*°« ^ l : e . rod ..° f<:arbon " <""*»* 



'I.^^^^ 



E. *2 e^ cd V Hat «* the preceding kpparatuTk* 1 
«^°* -less e^» eut Condio - OJ1Sf and yfit certa/a »* Ut . 

*o uC ot ^ eSlta to announce it as something- ne» ^ 

„*^* et ' 9 fopn » of Reynier's Lainjn— 4 n 

**** of the k ' nd J ust al - " ^°«* 

jjieo* to has also been 
lo^ e to Rhymer's lamp by 
give^ in this form, 

J? uC ^ Il in Fig- 6°, the rod 
sl^ ^bo ft c M > histead of 
of pushed by a counter- 

jjeiriS Js p i unged in a 

p° is ' n of mercury, filling 
C° rt gr iron tube T, which 
0. 1<7 t be body of the lamp. 
fo* 1 *^ a nd an elastic collar 
JS- C ^\\de the rod, and, as 
p & _ the mercury, impart 

^-t the p° sitive P okrit y- 

t o ^^j-Don cylinder h, sup- 
a, *^*» by a metallic arm s, 
gyC> Tte y,le i° a socket with 
^,oV^ lating screw, allows 
■ f eS quired length to be 
^p.y XG t o tne incandescent 
^JV^** The current 

P 0.C& ductor t, and leaves '"""-° ,J Fio 6o 
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i conductor f and the interrupter m v. In order to 
te poisonous vapours emitted by the mercury in con- 
e of fc>ecoming heated, the cap b is insulated from 
t by rowans of a substance not a conductor of heat, 
ommuDicates with the base of the lamp through the 
onductor /, which, being a good conductor of heat, 
• and ^vithdraws it from the mercury. 

stem 1>y ^ sun P^ c ^ t y> permits the lamp to be very 
ade i* nac * ? h° wever > been already devised by 

ft Q Vj^xJ pointed it out amongst the arrangements 
be fri^r^n to his apparatus. 

» ^- ^B,*»P»~~ * n order to obtain a longer duration 
3c> £* tfae preceding lamps, Tommasi arranged 



For this purpose, the lamp is formed 
j^o***- $ centlm etres in diameter, turning on 
>e ^ ^ing nve carbons of 30 centimetres length, 
p f* j-^^r another > are °Y a rotatory movement 
- ^- ^ t ^ th the carbon disc of the negative 
<>** light is P roduced for eight or ten hours. 
tZ^^^^nt of these carbons is effected by mer- 
^ tube, as in the preceding system, and, 
r9 the light thus supplied is very uniform 
^^p has the shape and size of an ordi- 



^_/The reputation that Edison acquired 
X*0^~ *Xx& ponograph was the cause of con- 

^^i^*? 7 hen S ° me time a S° he an ~ 
^X **U ^ naUy f ° Und the long-sought solution 

J^ ^V aivi S A lon of the electric light. He was 
- ^^VTa in Amenca > as well as in England and 
^%- o* th f gas . Co ™Panies fell enormously. 
\^*r^% tl^ Amen can newspapers were often 
t r^^>^l^ e ^'"d since the phonograph 
Z* jjT#* Wkh Which its ^nounL 



Llt^ 



«««# „t »" K,i m„ at " " »»/. this „„ A-o, 

"°'° * e< * mta.v.T ^ r =«« re d f rom their r l° *i£ 

feV» e *&»«■» of "I?"',*", """ "*»»> 
r *ait» d lj > the greatest importance ► ^ie-A* 

^<en **»* enures have not discouraged / **£ S 

th «ii istS ' they h3Ve pUt at h ' s d»P«i oof ^ 

^P** cessa^mounts, but also engineers of aH 2?J*tr*U 

th - e i*n* mechan.cians, chemists, &c. Accord,* ? eie ^- 

tr 'rso" s Wh f ^ me ' MS informati ™. iidfson has° "* 
P e f c ted a dynamo-electric generator superior to ajT^ °" 
**l,»ve motioned, and capable of utilizing Qc . per ce lt°% 
vi,e -motive power. f " of 



tli 



%V 



thout attaching too much importance to these accounts 
_* he admitted that a man sn imrmini.. _~ i>i' . ' 



\V" 1 " j ■ 7 , «*«o accounts, 

t,st be admitted that a man so ingenious as Edison has 
i fc ** fo r so lon S a til,le studied a question without making 
^° e thi"g of it j and while waiting until the new patents are 
s °^jished, we must meanwhile give some account of the 
p u -w-hich has fluttered the financial world. It is repre- 

)^Jd in Fig. 6i. 

«ei» or ding to Edison, the loss which is involved in the 
^ j of J of the electric light is not peculiar to this kind of 
*3i vlS jjut also occurs with gas when the elements of its A "* 
lig* 1 *' l 3 ced under the like conditions. Thus, if a S^ e f^ 
p^e P f gas-jets are opened and the total amount of lis ^ 
fittf^ re d, a small er luminous intensity will be found ***^ e 
rfie^ , s ult' n g from a small number of these jets unde^ — o-- 
j^^t r ^ reSS ure ofgas. But tf that pressure V>e suitably *" e ® t 

^r* 1 ^ th' ngS may be S0 arran g eti that this loss woul( * ^i 
l^t^' "No< says Edison, "properly arrange the c^ 1 * 
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r of the electric current, and you can do for 
rhich has been done for gas." This reason 



Via. 61. 

ily up to a certain point, for the conditions 
ensity of a current with or without derived 
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currents are well W#n. and the arrangement of the gene- 
rator in any gi ve n case is indicated perfectly by ohm's 
formula. As regards this matter, we do not think that 
Edison can discover anything more than we know already *. 
and we believe that it is rather by the material arrangements 
Of his lamp that he will have any chance of arriving at trie 
solution he is seeking. Now Edison's lamp, which has many 
very different forms, consists of the following = 

The principle of the lamp, which is represented in Fig. 6 i, 
» the incandescence of a spiral of platinum wire a alloyed 
with iridium. And in order to prevent the spiral from burn- 
ing when Us temperature exceeds a certain point, Edison 
places within the spiral a metallic rod &, which by dilating 
causes a contact to be made at i, by means of the lever s, 
precisely at the moment when the heat is about to reach 
that degree. The current is then derived through this con- 
tact, and immediately lowers the temperature of the spiral, 
*rtach causes a disjunction of the derivation and arrests the 
«***&». T\i e spiral then begins again to be heated, and is 
thus aaiat^^ at a temperature which can vary only be- 
tween verr limitSi which may be regulated by the 
fiTeateror W s separation of the contact piece * of the den- 
Vat, '° n ' br tne resistance of the derivation, or toy a resistance 
regulator ^* able w ith the pressure, based on the principle 
which Eels has applied to telephonic transmitters. 
Ca »^ i^num spiral by this means acquire a temperature 



a become luminous. 
;ordingtothe Aroer 
u ew metallic alloy, h; 
» that of any known metal 

"Vy Accords - dilim | 



J' tatru^^Tiio alio,, havi=B_i« *»•■* P°™t 
,„ discove« that ot any known 
^h higher _ ^ w— J ^SSi5SS2 

.„..., .„;,-, n metallic oxide, enherol certw^. 
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^:^- 



as fate, shotU J^ 1 f ^e S ioa tion by electr," <A** 
P-al su^ tu y t ^ of ^*g£yer, — used, * *>% * 
d2 1 ^ Se c ^dles are, ^% o tamp* We ^V%/ 

H tt^ **»* chapt- ^o*s are p, aced ** *£ 

parallel^ ****** «*»£l se P ^ d * « ^ % , '" 
capable ° «ach other, ^^tili^d by the p /%. by $i 

electrie ° f W* fused <* tw o carbons, a ,%> vJ 

tmchi ne ^*rent between gives %Ju ^ ^ l* § e Qf ^ 

tosa y> ii*^ is obtained, w iy ontlJ the ^ c^ *• ^^ 
tirely * Wns P«*?f is the prmcip] e f ^b ie > ttat ls 

candl e ^ turned. rh % i<r 62. h * hi** et >- 

Nu^^^resented in * »' b ave been m ade f W °chkoff 

is the i v ^*^>us experii« ent . eria l t o place bf J to * Sce>M . 
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rid what are the best dimensions for them. After 
lany trials, preference has been given to plaster of Paris as 
le insulator, and to Carres carbons 25 centimetres long 
nd 4 millimetres in diameter. When giving a light equal 
3 from 25 to 40 gas-jets, these candles will last for one hour 
and a half; but we shall presently see that by a 
gfl^ very simple arrangement the light founded on this 
Jam S y S tem may be made to last as long as may be de- 
ll sired. A Jablochkoff candle is, then, composed 
of two insulated Carre* carbons c,d, 25 centimetres 
long, slight pointed at their upper extremities, 
and separated by the insulator already mentioned, 
provided at its upper end with a thin layer of lamp 
black for conducting the current when the candle 
is first li^ rited - This la y er is m ade of black lead 
mixed with gum, and the candle is charged by 
merely <*ipP in S its end in the mixture. At first 
the two carbons were connected by a plumbago 

point lcep* in its place by a l )iece of asbestos paper; 
the preceding plan is now found to be much 

sirrmler. At the lower end the carbons are fitted 
uito copP er tubeS ' by which the y ar ^ connected 
with tfre circuit when the candle is placed in the 

chandeli^ r * th ^f e tubes are ins erted in the piece 
M ( M ade of * * lh <f e or other suitable substance) 
so as *° prevent the carbons from separating from 
their insulting partition. Before the manufacture 
Jcaxr*'* candles was established on the large 

o 6, scale ~ c * ndle " u C ° St 75 Centimes > » «*« 

Sa price ; but now that the cost of these carbons 
*uch jJtbe candle- « be wde at a ch 
bans 2 \!T^V some day be had for 20 centimes. We 

• whSl^ea *>r the eStimateS ° f the ear * experiments * 

*** the C^o^^y -** *~ C " ldta *> ^ate persons at 5 o 
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the T lt m ™ ?? re0TtheSeC, " ,dleS ' Which '" «*>«*tacted on 
tie large scale* at No. 61 Avenu, d„ niliers, is v<!ry in- 
teresting, especially the way in which the insulators are 
made. A thin layer of sculptors' plaster mixed with sulphate 
ot barium, and so tempered as not to set quickly, i s spread 
upon a marble table slightly oiled, by means of a mould 
made of a notched plate of zinc fitted into a sliding handle. 
By drawing this mould along, the plaster in front of it is 
spread on the mar- 
ble in the form of 
grooves and projec- 
tions to the length 
of about 2 metres. 
When the mould 
*<" been passed 
along several times, 
a fresh quantity of 
plaster is p\ a ced in 
front of i t , which 
"*""»» thethick- 
, oraof 'Heprojec- 

or six „C?- »".""" 

n,- i • Vacations of FIC; . G3 . 

U " Skm ^ these pro- 

lections,. ^ am exacl]y tlie thickness of the teeth of the mould 

whic1 ' V> that suitable for the insulators. The aides of the 

VNsiU^ are of course, made slightly concave to receive 

^Cylindrical carbons. Their thickness is generally 3 mini- 

me«? s ° et «en the carbons, and only = millimetres in the 

"f'*""^ the way in which the Jabloohkoff candles 
F, g . w shows he y Thereare p , aces for toai ia the 

n-^ 1 "=" I "' tn e number may be larger; the lamps ,„ th, 
^"'e, but '» ^ ^ ^^ Each s „ p port constats c 



Vtf^ ,# 



/> £?/£•** c 



eight thousand a 



a made per <lo.y. 
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brass uprights, one of which a c is double-jointed, and 
1 in a shoulder c that will exactly fit the piece to be 
2C * between it and b. A strong spring r presses c 
_ rds B - The two pieces b and c are provided with cylin- 
~fy STooves v^hich receive the metallic terminals of the 
^ e * As these pieces are electrically insulated from each 
*^_ an <J provided, with binding screws, it is easy to connect 
^_^ vv ° c *rb 0ns in to circuit. 
i,iL * rtu^ plsLr *s m^y be used for obtaining continuity of 
ter *-*->,- J 1 ** 101 *; th*=> s?in*pl est and best is to connect one of the 
c °r>n» £> u ! of e ac ja i^mP to a commutator, so that, after the 
into. th l0tl of a candle, the current may be made to pass 
'«or, in fle * f Oij^ t»^ simply turning a handle. This commu- 
">hii, « tfce apr^*-^* 1 - 13 at the jiz ' enue der Optra, is placed 
^ea-y /, ,e siip D r-t ° f the lamp ' and an att endant comes 
fox- i s d " r **ci , h ^lf and turns the handle. This commu- 
i <31 es "° Ub k, ,- ^,x-^ er t0 make a doubl e change, when two 
r^ ^/f e i>uJ* 7^ the same lamp, as in the lights at the 
jz> 7e • ,v **»*-« V - * 1 e construction of the apparatus is very 
zl f n ' s .V **»e*" ely °^, a wo °den disc on which are 

nde>e7 5 ^^ ° 1Ctall,C platCS as there are candles; 
ie £ *'«> a ! S *^fW tUrnS ° n a metal pillar in the centre 
a,So «r, d S ^ r *^^»ring pressing against the plates esta- 
h~ t]rx^ _ ^tvveen ^e central pillar an H ri,» nio t . 



es a 



^ ^eo»- t2 '^»^^ t, ^ cen Centml pillar and ^e plate 
ed *vitk io *» \^-^>^ dle aS may be squired. 
SldeS thi s Su ^^»- ^^^« ral aut omatic arrangements have 
inve at w^, ^y ^ "<* b *en generally adopted 

actlCe > ^- bll t * - retained the commutators just de- 
d ' °** ™ h J^^rrang^ents. represented in Fig. 64, 
t ted of a £ f *he^^r M ^^ng at o and carrying at 
tid the tol b e ^t J ^ ^i^ 7 ' h^- g ^ gamSt the in sulator of 
,«dle J^U**^* tbe h -n " ei ,K Pr ° Vided With a c °- 
Tece * * * *nc5»- ^ * oUC h,! her piece p > cl °sed the 

' ~r kl gH ll ^e *^* ff^ X < b> ™ the contact of m and p 
^venS/^ v^^S ^ aU1St thG Ca -^ but when Z 



*-*~e. 



-5"*C, 



b roUg h * „«», n A s each candle was j,, »«c/ 

siroil* 1 aP ^dkt a «* "i"™* TO transfers ""»<*, * 



** t jc escapement with clockwork, which came into -^ g^-j 
j*!^ t fte current was interrupted by the extinction ° 
»vli e " candles, or by a touch from an attendant. x** e 

a { t V > j chkoff has, however, lately, discovered that n 
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^^a \~ med to obtain the snecessiine lighting of 
vanism ncea oc -—ft connections arc made simul- 

;n~ When tbe erremt codim»~u=> «« 
>e candles, w» candles, one of them will always 

aneously thro^^ 

ransmit the curreni . e ^ devetope d, the anient 

wiU pass almost ^^Sgnificant. 

the other candles W^ off canto -, ^ 

The light ^^j^G^ supply 

^1-^^^ to the Mture 1 *z?T 

ZJZSL the carbons. If thb insulator is made of kaolin, 
the^htTas a somewhat bluish tint; if it is made of plaster 
of Paris, the colour is rosy and more agreeable. 

The comparative steadiness of the luminous part in the 
TablocbkofT candles is owing to the carbons being kept always 
at the same distance from each other, without any motion, 
and the small derivation of the current due to the fused 
insulator which contributes to the steadiness of the light In 
consequence of this derivation, the electric current is less 
weakened than when the carbons are separated by air, and 
therefore a larger number of lights can be interposed in the 
same circuit The flame, too, which accompanies the light 
appears to enlarge the luminous focus, so that the illumination 
is better diffused and with less shadow than that given by 
regulators. Opinions vary as to its intensity; it is generally 
believed that with equal currents the light of the candle 
is considerably less intense than that of the regulator. 
Jablochkoff contends that this is not so, and that in the 
experiments of comparison from which this conclusion was 
drawn, the candle was under less favourable conditions than 
the regulator, which automatically adjusts itself for the best 
effect. In support of this statement, he mentions the experi- 
ments made by Fichet, one of the jury at the Exposition, who, 
in order to remove any doubt in the matter, proceeded as 
follows:— After having measured the illuminating power of a 




Hu.^ lr> ^ . ^-^ 
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lt **U*tv _**M A «,w V he round that the 



tWs VC v ^ I \ '*-— ? er " n ~ guI 

>Vdtn^^^; *><* ** points out that 
ls . Severally * ° ^ ll2in g the insulator was not entirel 
W / th ^aolfii PP0sed - Wi th certain insulators, par 
d * m inuti 0n ' f heTe mav be > according to Jablochko 
tion of th ^^ from tne somewhat considerable 

' bu t with Jj Cl3iTent trough the fused part of the inj 

and abov ^ ter lnsulators this inconvenience does nc 
i us *ful \\ ^ e can dle ^ere is a flame, which he co 

in b e i n ^ that ^ it may, these candles are not exce 
\ ator ^ attended with a loss of electricity, for in th< 

int S u re is also a loss of ctlrr ent, due to the intr °d 

iaiT cir cuit of a coil of more or less resistance. 1 

g,. ^ *een that the Lontin arrangement, by derivator 

at measure avoids this inconvenience. 

The Jablochkoff candles require to he used with alteri 

Reversed currents; and we have seen that to obtain 

from the Gramme machine it was necessary to inv< 

special machine, which at the same time would alien 

action to be distributed over several circuits. It is ea 

5 ee why the currents must be reversed, if* we remember 

^ith direct currents one of the carbons (the positive 

^ould be consumed quicker than the other, and the di st 

between them would gradually increase, until it would b ec 

$o great that the light would go out. Jahlochkoff as? 

however, that this may be prevented by increasing. 

diameter of the positive carbon sufficiently to make it ^ 

as slowly as the other. This plan has not hitherto been t] 

In order to obtain a slower rate of consumption, Jabi, 

koff has lately used metallized carbons. We have seen ( p ^ x 

that this plan, which was invented by Reynier, has giv etl 

cellent results, and in experiments recently made at O eil 

the candles were thus prepared. TTVie metal was, how c 



ELECTRIC L2GHTI2STG. 

the parts of the carbon in contact with the 

are told also that in America this metalliza- 
eemed sufficient, and the carbons were further 

>laster to keep the metal from oxidizing ap- 

ithout advantage. 

sen that to light the Jablochkoff candles the 

first be passed through a secondary conductor. 

is once established, this secondary conductor 
and nothing more remains by which the candles 
ted again if they went out. This would be an 
e if there were not at hand a commutator and 
iserve. But Jablochkoff has contrived a plan 
jre is a secondary conductor between the car- 
the arc is extinguished. He mixes very fine 
s with the insulating plaster, and when the latter 

these are also vapourized ; and when the light is 
, the copper deposited on the insulator is a suffi- 
uctive layer to re-light the candle, 
elled glass globe is used with the Jablochkoff 
n these are applied to public lighting, and then 
is has the appearance shown in Fig. 65, where 
ction and part in elevation. This arrangement, 
,uses a great loss of light, for 45 per cent, is 
the globe. It is true the light thus diffused is 
IS for lighting, but these contradictory conditions 
3 fied by using, instead of the globes, double re- 
instance, a kind of f urmel of ground glass sur . 
ae candles below and above a hemisphere of 
-lass; above this should be placed a reflector of 
lass or porcelain, which will send down again the 
ys reflected by the internal surface of the funnel. 

Ixght globes are, however, now being improved 
* d * ^lt ° Paline glass absorbing only 35 j£ 

[g ^rh W CC T at> ^obes have ^ow/ m lde P of 
' which have only a comparatively «**& aW>rW> 
ttns absorption may £ ^^ Vo To ^ ^ 
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tyminsigltfoe of waved or wicker-work glass. Cleniandot 
^•Asatoa&e globes of transparent glass in which the diffu. 



■ . . is produced by a layer of rraS»«£ "^W- ^ 
SL ™ spherical surfaces one «*'» *" ° pe« <*" 1 
between two spnc „„tcer. on'y 5 -«-<: 

gtote absorb, accord.ng to the maker, ^5 
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►ut it may be feared that some inequalities^ ^ 
ut and destroy trie uniform diffusion of the ^ Al 
jnditure of motive power for 20 Jabloehkoffc&kdles 
if a dividing Gramme machine is, according to a 
esented in May, 1879, to the London Metropolit^ 
V/otks by Bazalgettes and Keates, as follows : 

3tl ly one circuit used 1 y 1 7 horse-power. 

t v*o circuits used 1 7 *9 1 » 

^ r ee circuits used 20*75 

io& cu * ciuts used 2 3*5 3 

- «. each candle 

^adles 159 horse-power. 

1 o c3^ a ^ es I"27 „ 

^ c catidles io 3 » 

k c atidles 0*92 ,, 
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40 Ci 

ma- 



ge numbers the work required to drive the 
►to. aC uo has been deduced. 
s &' . ^ to the same report, the luminous power of these 

' c0 . 0$*°^ * am P s * s '• 
Lies ^ n 

tl aked^ght' 398 horse-power. 

fot* e ^ frosted glass ... 27*9 

for ° ne opaline glass 165 






.. ^ oU ld follow that the opaline glasses absorb 59 

he ° Ce 1 nd tne frosted g^ 368 3o per cent of the emitted 
e r ceot-t a 

'^ 1 to increase the illuminating power of his candles, 

lR ° vff has used condensers of large surface, the effect 

jattocblto increase the tens ion as well as the quantity of 

o{ which « cunents For t hi s purpose he puts a con- 

the alternai » atQr m commumC ation with the homolo- 

ductor from 1 s con densers, the other armatu res 

g ° US r, cor esoond separately or collectively with the 

°i ff tnt candles' connected with the generator. Both f 0r 

JSS S ^-ion the effects axe superior to those p«, 
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duced by the acti 

proved in the man^* 1 of the g enerator simply, and this is 

If in the path of ** following : 

machine capable 0f *be current from an alternating-current 

8 Bunsen elements living a spark equal only to that of 6 or 

of about 500 sqn^J *Here is interposed a series of condensers 

15 to 20 milh'metr ^ tnetres in surface, a voltaic arc of from 

of 4 millimetres ^ r s length may be produced) and carbons 

10 millimetres fror>T *taade incandescent for a length of 6 or 

of an induction Co ^ *beir extremities. Also, if in the current 

g^ing a spark of l * Supplied by an alternating current, and 

denser of about a S millimetres, there is interposed a con- 

30 millimetres ^ Square metres of surface, a voltaic arc of 

bonsof 4mi m tu *> be obtained; and in this case also car- 

* length of 6 or , **«« in diameter are made incandescent for 

a " rtain aumiw Millimetres from their extremities. Finally, 

surfaces of 0Qe *• Of condensers being given, if the second 

seconding ^* of several of them are joined with the 

w & bejaodo « Coy of the machine or with the earth, there 

much resomk.- ^ i*. M macnine, or w before effects 

<£ res embl iJ5 ** the apparatus arranged as u 

^neseeffect « those of static electricity. . 

°y similar m~ ^**© »»,.* • , . \. „ expected, and it was 
^cceede^ J*** th^ r^'^t ? rhiostatic machine, 
«atic 2~ n *f^ ttat Plan *> wlth hlS *« into currents of 
JablS " Cit V ^ Sf0rroi »g voltaic currents «>t 

n^ re °** ^ PaWe * «*** SPark ^pUes a very simpfe 

**& the Xt? Stem of condensers s upP q( the cand , es 

merely a ^ ***<i j*** *« intensity of the n*^ there is needed 

sunace n, ****** , ^ acti °n; for this purp condensing 

£acA * ay C^ator by which a greater or 



» made tJ ^s Q ° nne «ed with the circ Y^ to public lighting 
^roop of ° f 5 t» ^ condensers when app * corres ponds with a 
«"iaec Cert °*i*. Separate elements, an Uese four candles are 
^'"aftH-e Vvj^^odles; consequently* ^ f ro m one of the 



denser. ?» ^*J* One of the wires P rocC f terrU pted at the con- 
MPPlks ** J^ the circuit is of course 1 ^ current wh ich 
***^ Q *> therefore be inferred *£ the return discharge 
**idles is only a curren t l5 __ 3 



each ov* > m^^^- en lt caus ^ s a greater or less separat 

w hfcA catl t .^ a ^ I1 tained, for the movable carbon is s 

jected duflfl£ ^^ whole time of its combustion to two opj 

site effects, * , 1 ^^ ==1 * keep it always in a. position more or I 

near the ftxe ^^^^ r bo n , f rom w hich. position it can vary onl; 

very little. *^"*^* s arrangement seems very nearly the sai 

^ that ^ hic1 ^^ -^Pieff described in trie Telegraphic Joun 

Afofc^^^^^Sttfoer, 1878, and trie 1st February, 18; 

It rematfS^^ \^ seen who is entitled to the priority. T 

^tsfi»»«^ tem is composed of triree parallel carbons not 

cont^ T ^ rh e current passes in trie ontside carbons, and t 

middle ome is merely the means of facilitating the dischar 

andrend^nz it uniform. Nevertheless, this system has r 

&ven xesg J^its; but that of Sohgniac in w hlch 

v. c ^ rcaiu* , « y. more satisfactory, and 1 

carboy ^ used , has been much m ^ JJ^ 

sha\\ s^ ak of ft furt her on. ^J sha ll never be able 
rtvese *y stems is that the tvro car ^ ^ ^ ^ ^ 

assutne a perfect ly parallel _ P° d pass from one 

luminous point m ay be displaced, 

the Ca rbons t0 the other. e a in which the carbons ar 

. ^e system has been P r °P othe r, until they are ligh te , 

r*™Wd and apphed one to re f ra ctory matter introduce. 

v^ being separated by a rod - ng controlled by an electro 

^t Ween them, the movement D 

^^netic action. electric candles invented since 

/amw'j Candle.-^ the ted more attention than the 

«* Jablochkoff, none has a« nted i„ Fig. 6 7 . i t is , 

Jamin burner, which is reP^.^^^that is to say, there is 

candle of the same kind as s The luminous point is 

HO insulator between the : ca ^ ^ bons by ^ ^.^ 

constantly maintained at the ing through a conductor 

,S a c of the current ***' £ itse lf four times, forming a 

00 the ** arc , and returned nS T wo parallel currents 

he? 6 * ior figure about the c attract each other, and 

V^refUw* it wHl be una 
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.,{- (he current passing below it, that it will tend to move 
rds the fixed conductor, and consequently will be kept 
e end of the carbons. Jam in thus describes his inven- 
in a note laid before the Acadimie des Sciences on the 
April, 1879: 

" I have the honour of present- 
ing to the Acad/mie a model of 
an electric burner reduced to the 
greatest possible simplicity. The 
two carbons are kept parallel by 
two insulated copper tubes, sepa- 
rated by a space of a or 3 milli- 
metres ; they slide with friction in 
these tubes, which serve at once 
to keep the carbons in their 
places and to convey the current 
to them. The carbons are sur- 
rounded by a circuit of five or Sbt 
spires wound on a slender rec- 
tangular frame 40 centimetres 
long and 15 wide. I have ex- 
plained how this circuit, traversed 
by the same current as the car- 
bons and in the same direction, 
brings the arc to the end of the 
carbon points and keeps it there. 
" The lighting is done auto- 
matically. For this purpose the 
two ends of the carbons are sur- 
* — rounded by a thin India-rubber 

■'•o. 6p. b arid, which presses them to- 

gether; then a little higher a small 
r °n wix-*^ is V ed betwe =« them, which puts them 
rai/a/^** *•***" at a single point . As so(m ag , he cjr 
he ^r*^*--^*"' P ass « through this wire, heats it to 
elt, «.-*»-« Indm-rubber ; the two carbons being 
Par**-***-,- ?v T 15 establi *W with a kind of 

Z^ ***- Tul * UP tQ 8 "*Wtr«i may 

!£> &1 * CM ^ ion «=««dy exceeds \ 



f,s'ftVtocee<is, th ep OJ W * 3S 

(ttto^P^Vt * om time *<* *='™e thev r/ Ct near to *« 
supporting wbeS ' w , *• T< =stotea. to t aejr r_. ™» without ex- 
tinguishing the ** g fcetwo cart>ons,' n yj '"j™ Position by 
simultaneously «*» imagine wilX Perfbnn *i!" ^ /n fi,ta » 

Tl;? fl l> le matct,al - Th ^ are used as the r Iea ™ 

w» any inn* Jt sufn ces to put them into the tubes that hold 
the manufactory- .. j. „. _ __ . . 

j , thern to the directing action of the exterior cir- 

them, and leave tn* «> . . . . , 

. T . -. in f* 01 ' no cand 'e to be made, it is merely a 
cuit. there IS ' of a sort of match which bums by itself to 
putting u\ its pl ace 

" Th * ruS may De nun E U P in two ways, with the points 

iheapparat towards the ground. The conditions are 

»P*ards or &*f£ m ex amine the first case. 

Ve ^Tk erenl ' ■ arc cannot, without breaking, exceed a length. 

The electric intensity of the current. Between two 

"Inch, depends ° n horizontal Une, it should be straight, because 

carbon points in a , electric conduction.it takes tlie shortest 

according to the »» w tnat by virtue of a kind of elasticity 

course and tend 5 to r jt is ; nte rfered with by the ascending 

if withdrawn from it- i(s own ncat . ^^j for that reaaon 

current of air S« n *T forin# It is still mote strongly interfered 

assumes the curved ^ rcu i t (i n the carbons), and these two 

mYi by the directiv ^ ^ upwa rds until equilibrium is attained 

actions cornb ine i0 C Z\ elasticity (as it might be termed) of the 

between, them an° use it to become longer, they lessen its 

arc; but they a 150 c * d aiminish the intensity of the current. 

resistance to rupture. ^^ - m &xine u , e 1Lgn t at the po i nts 

We see, then, that it >J conl iition of diminishing the limit of 

of tne carbons, it is on ^ ^^ amounts to the same thing, 

length attainable by tne . inachine rf) maintain. 

the number of arcs ttiav » ^^ ^ pomU ^ turned ^^ 

"It isquiteadiff-jren ^ ^ up ^g the carbons, the 

wards. While the arc ^ ^ brjngs ; t down between the 

directive circuit drives vA of 7 or 8 millimetres between 

points, which have a" 



( 
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m The two actions which formerly combined now oppose 
h other ; so far from lengthening the arc, they shorten it ; 
tead of lessening its resistance to rupture and diminishing the 
ensity of the current, they increase both. 

' This arc may be said to be compressed between two opposite 
dons ; it is shorter, narrower, less expanded, denser, and con- 
luently hotter, and the number of the lights may be increased, 
le Jablochkoff candles, otherwise so well arranged, possess the 
convenience of having their points upwards. The arcs they 
rm naturally tend to curve and rise up, a tendency which is 
rengthened by the electro-magnetic action of the current 
cending in one carbon and descending in the other : an action 
entical with that in my directive circuit, though smaller in 
nount. The burners with the points downwards should there- 
ire surpass these candles, as, indeed, experience proves. With 
machine which is sufficient, with difficulty, to light three candles, 
easily supply five burners, fitted with much larger carbons, 
ich burner giving twice as much light as a candle ; and as the 
oints are immersed in the mass of the arc, they are more bril- 
•tnt and of a much whiter colour. Even six lamps may be 
ghted, but they give a sum total of light less than five do ; the 
imber may be doubled, but there is a loss in the quantity of 
;ht. It is always thus when we try to divide the electric light 
jyond a certain extent ; the division is purchased by a propor- 
>nal loss. 

" It is interesting to examine the behaviour of these burners- 
hen the points are upwards, the first lighting is very difficult, 
cause the arc is at once briskly thrown upwards by the in- 
ence of the directive current, which is proportional to the 
,are of the intensity. When this increases it becomes abso- 
,l y impossible to light the carbons ; we get nothing but agreat 
nC ' 7 £ TZ y disa PP ea rs with a snap. If the current 
™l ,g rCmainS ' but ver ^ diff «sed, very high, and 
a ^h ^ver^orT Unt ° f thG Nations which take place 

**Zt r^Zrl A CUrrent ' A **in, the equilibrium is 
rable; if an accidental currenf ^r • * . . ^ 

,ht of the arc, it cannot h!* "I f ° r *" inStant """V^ 
Yaity is exceeded, and i ?»^^** *** ; the limit ° f " 
the points downwards re^ffh^^^ 5 - In,hebur T 

i stable, for if a movement o ;^! m ? " CaSy and *' "^ 

1 °* the »>r, or a failure, causes the 
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reAighted-,^*^ ^^ ^ is necessary that th 
should be tnade of a Tncxoxierately ooncf uc% / * e ' 
resistance of *»«* « calculated accordingly. T /,J 
ment moreover enables the current to make a d * 
when the tight goes out, and this prevents the gen " 
machine from " runmrig away," as often happens whv 
resistance opposing*** ■working is suddenly withdraw,. 
have seen that Jab\o cn ^°f"fused a similar plan for re-lfgh 
his candles, and 1 arn *old his plan was patented a j 
before that of which we are speaking:. 

In order to "Weep ""he luminous point stationary in eleci 
candles, the AJfcjb^ l javau< l de l'Estrade has contrived a ki 
of candlestick, in which the candle is supported by a flc 
For this purpose the candlestick has three vertical rods, t 
of which terminate in cylindro-conical vessels plunged ii 
two tubes fill e< j with mercury. The third rod serves as 
guide, and a x- ac k enables the mercury tubes to be placed 
any suitable height The object of the vessels is to keep 
electric candle at any given, height, and their capacity, as v 
as the volume of the rods which they supported, are cal 
lated accordingly This height may, it is true, be modified 
means of tV»e ra X bu t the equilibrium between the we, 
of the candle and the tende ncy of the vessels to«jJ 
always the sairie , so long as the candle ^eps its waght 
vessels are im^ to the same extent, whatever ma 
the pos i tion Qf sU pporting the candlj » 

when the candle comes to be consxxmed that th« eog 
is destroyed and the candle rises, the amount be^S 
-ined by the relation between the volume o£ ** • «* 

and such that the hei^fcey P^he carbo* 
^ exact]y the same «*£ W **»* * 



meti- 
rooms 
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v their combustion, tlie luminous point will ^^aaf 

& £, P ^me elevation, and tlie electric candle may ****%& 
^>^ yy e t projecting images on a screen like the electric v^ 
^ * * i° ^wotk movements. Lavaud de VEstrade points cut 
k && x ^ & t ^et arrangement for obtaining the same effects w#th. 
\ja^ 0^° ca^ie, but these apparatus are not yet sufficients^ 

* &\ ~Ae * + {or us to dwell upon them. 
c^sT* c*} * systems of electric lights have been proposed, att^ 
^ 7 <^>^tt %e aA never have done if we considered all the more &r 
^t%°° ^ u l ideas which have been advanced. To give ^ 
^V ^ d &* 1 r tbeir valu ^, we need but allude to the method 
1 &^* x} * 1 °- ce rtam n ^wspapers, of covering the walls of i 
4>** <0e& * O r^ soent an ^ phosphorescent substances, which, 
iL+^tfi ^ to these projectors, will in the daytime store up 
<*ff x c ,o*& X fcAx\& to laminate the rooms by night. This simple 
0^ y^i s -\1 S etve to sn ow how far the imagination will run 
X*& t ice ^. ^ t controlled by a wise theory. 
<>*? e *> il lS e5 chibition of electric light in the Albert Hall, at 
*** /vt ^ i^7 9> more than 25 different electric lamps were 
ot *dofl> rjbete were, in the first place, specimens of all that 
<\ vieW des cn ^ e ^ > an< ^ besides, there was a new form of 
* °^e ** aVC e tit * am P> contrived by Higgin, which was very 
% 'tv ca;XV ^ eS th^ of Ducretet, and in which use was made of 
\roil ar to uS \v on the movable carbon in proportion to its 

^ eVC of y co«^ ptiOIU 
*at e 



PART IV.— Co^^ oF ELECTRIC LIGHTlNC 

The expenses ^ > rfc u -^g are of vario; 

kinds, and Wo n ^^xng J^ ^ cost oi t 

apparatus, to- t o > ^f^^ of the electric curr* 
2°, the combustion , u„„ e it is true that *° ] 

long time little ^ of ^ "^ h £ this "ast expel 
becluse it was ***«»*» «« P aid * *fc th e other, 
now when, thar^ **nall in comparison wUh * le< 

piles, eleclrici^^ Ruction machxnes and ^ ^^ 
portant, and m ^ be cheaply produced,^ ^^ t 

daily with elec^ * ea ° h * Ug ^ 

At various ti»v^ C ^and 1 ^- . .- rtT , s have been i 

regarding the c ^^ s important investigation ^.^ batter 
with induction of the voltaic arc, eltn ing to giv 

briefest possibly ***<**<"*> and we f^ougV* 4t ,nuSt { 
fessed that th e Summai y of them ' , c o»cl«sive to l 
plicitly relied v. y ^ e not vet sufficiently 

Pon. 

Cresting r^ toeWelJ^^^Si^^ 

~« Ei BZ?H^ rented in i85* Spiled to the I 

tionof a vo^Uerel states tf-^S^o ele^J 

ancs 20 ce ^ arc, a Bunsen ff ^tiroe^ 3 e 

porous ve^SWes high by ^.j^y 6 ' 5 ' e s of ■» 

hours 956 * l55 ao centimetres ^ gra^ £sti 

-U T^tWs of zinc and J'^V^ ( * 

thC ex P^^^s the cost about x * * eq^ale* 

one of ,- a *tvi>. r v • <,^id at OI1 ^ ^ecq uerei , 

fhJ ^ ^ c °st of 2 francs 4-<> tJa ^t, *° x t]ie m t 

^>^.j <l cost is higher ot jaer p ur *' 
55 could be used f° r 
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red from 3 6 ° to 25 of the hydrometer will no longer act 
°>H sufficient energy to yield the voltaic arc under advan- 
s co nditions.' It is also necessary to take into account 
ti loss of mercury, the somewhat greater consumption of 
. than theory indicates, and the consumption of the car- 
bons between which the arc passes, the value of which is 
2 francs 50 centimes per lineal metre. " The cost per hour 
then amounts," says Becquerel, " to 3 francs for the 60 cells, 
or about 5 centimes per hour for each cell7 However, the 
cost for a given luminous intensity is not the same at the be- 
ginning and at the end of an experiment ; this results from 
the diminution in the electric intensity of the cells, that is to 
say, from the change in the composition of the liquids they 
contain. It is nevertheless one result which ought to be 
stated, as it facilitates the inquiry into the price of working 
a Bunsen battery ; it is, that for every 1 franc's-worth of zinc 
the other materials may be estimated at ifr. 50, so that the 
total cost cannot be less than 2fr. 50." 

A curio Us remarU made by Becquerel is that the luminous 

intensity diminishes much more rapidly than the intensity of 

the current, and this depends upon the fact that the luminous 

intensity, b eing & flin ction of the quantity of heat disengaged, 

must, like i tf Vary as, *h e square of the quantity of electricity 

which passes thraix &l* the circuit in a given time, according 

to Joules j aHr ( S ^^ ;P*S e6 -) 

" We see,» Be CQlxe *r*2* concludes, « that according to the deter- 

fJUf 10ns I bave*£*r***** * aving regard merely to the cost of the 

lixhtt nCes eozsumccl*. ***** without deluding labour, the electric 

in% at t °h > *&* for Xi^^ be fpur times dearer than gas-light- 

*s that o f f e77i V />W<^^ *?f ga V n Paris - Jt w <™ld be the same 
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ca ^^s cost of 3fr. 55 c. per hour is nearly trie same as that 
^Iculated by Becquerel from the actual expenditure. . 
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According to new and very interesting investigations under- 
^ken by Reynier, the cost of the electric light with incan- 
descence lamps may be reckoned as follows for each Carcel 
lamp per hour : 

With a Bunsen battery (RuhmkorfT's form) 
a Thompson battery (large size) — 
a bichromate of potassium battery, vvith 
porous vessels, chloride of ammonium 
and mercury (Goarant and Tromelin's 
form) — *" °*i8o 

In order to obtain a current equivalent to that f rom 
8 Bunsen cells (RuhmkorfFs form), giving a light of from 
6 to 12 Carcel lamps, 45 Thompson cells, or 24 Goarant 
and Tromelin cells, would be required. 

It will be seen from these figures that the economical 
solution of the problem of electric lighting is not to be 
found in batteries with liquids. 
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two poles capable of attracting soft iron armatures. These 
armatures are provided with stops and with opposing springs, 
and are each attached to a jointed arm placed in a different 
direction, and connected on either side with one of the 
carbon-holders. Now it follows from this arrangement that 
each current sent out of the machine produces a double 
attraction, and gives rise to a movement that becomes vibra- 
tory by reason of the rapid succession of the currents, and 
this movement, by bringing the carbons nearer to and further 
from each other, keeps them continuously lighted. This move- 
ment may moreover be more or less marked by means of the 
stops and springs of the armature. (See, for details of this 
arrangement, the journal La Nature of the 20th September, 

1879-) 

The company which manufactures the De Meriten's ma- 
chines now devotes some attention to fabricating carbons 
for the electric light, and candles of a new form invented by 
Soligniac, which, it seems, yield very good results. These 
candles have four carbons of unequal diameter, separated 
from each other by an interval of half a millimetre, are 
connected together in the same plane by two insulating 
and volatilizable bands. The two outside carbons have a 
larger diameter than the others (4 millimetres), which are 
only 2\ millimetres in diameter; the outside carbons are, 
moreover, fitted into copper sockets, by which the electric 
communication is made with the lamp. Finally, the four 
carbons are at their bases connected by plaster of Paris, 
which occupies all the space between the two sockets. It 
appears that candles on this plan can only work well with 
four carbons, and that those in which only three are used 
must be abandoned. 

We have seen (p. 139) that Alkelmer sought to -diminish 
the resistance of electric carbons by introducing metallic 
plates between the sides of the insulator and the carbons. 
Now these plates also possess, according to him, the very 
great advantage of enabling the candle to be automatically 
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ened by their combustion, the luminous point will remain 
at the same elevation, and the electric candle may thus be 
used for projecting images on a screen like the electric lamp 
with clockwork movements. Lavaud de PEstrade points out 
yet another arrangement for obtaining the same effects with 
Wilde's candle, but these apparatus are not yet sufficiently 
practical for us to dwell upon them. 

Other systems of electric lights have been proposed, and 
we should never have done if we considered all the more or 
less fanciful ideas which have been advanced. To give a 
notion of their value, we need but allude to the method men- 
tioned in certain newspapers, of covering the walls of rooms 
with fluorescent and phosphorescent substances, which, 
according to these projectors, will in the daytime store up 
light sufficing to illuminate the rooms by night. This simple 
notice will serve to show how far the imagination will run 
when it is not controlled by a wise theory. 

At the exhibition of electric light in the Albert Hall, at 
London, in 1879, more than 25 different electric lamps were 
. on view. There were, in the first place, specimens of all that 
we have described ; and besides, there was a new form of 
incandescent lamp, contrived by Higgin, which was very 
similar to that of Ducretet, and in which use was made of 
mercury to push on the movable carbon in proportion to its 
rate of consumption. 
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Cost of the Electric Light with Induction Ma- 
chines.— We have seen that according to the experiments 
of Jamin and Roger the electro-motive force of the current 
from an Alliance magneto-electric machine with 6 discs, 
having the bobbins arranged for tension and with a speed of 
200 rotations per minute, is equivalent to that of 226 Bunsen 
cells; but when the bobbins are arranged for quantity, it is 
equivalent to the current from only 38 Bunsen cells. We 
have also seen that the resistance of the generator should be 
considered fictitiously with regard to Ohm's law as being 
equivalent to that of 665 Bunsen cells in the first case, and 
to that of 18 cells in the second case. The light produced 
by that machine was, with the earlier arrangements of it for 
lighthouses, equal to 230 Carcel lamps; and according to 
the calculations of Reynaud, Inspector of Lighthouses, the 
cost of the current was 1 franc 10 centimes per hour.* 
If this cost is compared with that of the current from a 
Buiisen battery of the same power, calculated from the data 
given by E. Becquerel, the economy of using these machines 
is in the proportion of 1 franc 10 centimes to n francs 30 
centimes, that is to say, more than tenfold; and the cost of 
the light, compared to that given by ordinary oil in a Carcel 
lamp, would be only one-seventh. We must, however, observe 
that the carbons have not been taken into account. 

According to Le Roux's experiments, the cost of the 
electric light produced by the Alliance machines would, 

* The cost was distributed as follows : — 

Francs. 



Interest of capital expended in the purchase of 




the machines ... ... ... 


0-28 


Fuel for steam engine 


0*40 


Engineer's wages ... - 


o'35 


Lubrication, &c 


0*07 



IIO 



Complete data on this question will be found in the Report of Le Roux 
{Bulletin de les Sociiti d Encouragement, tome XIV, page 776), and in 
Reynaud's Paper on the lighthouses and beacons of the French coast {Paris 
Imfrimerie Nationale, 1864). 
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u Although under certain circumstances these two agents un- 
doubtedly come into competition, they have two separate fields. 
Hitherto gas been generally employed for lighting spaces of both 
large and small dimensions, because a better source of light for 
large spaces has not been procurable with economy. But for 
lighting large spaces that are not subdivided by opaque objects 
or screens, it is a want of economy to employ gas. If, in fact, a 
gasworks were to be constructed simply for lighting large spaces, 
as does occur in some extensive works, the disbursement neces- 
sary to establish even a small gasworks would, compared with 
that necessary to establish the electric light, be a considerable 
multiple of the latter. Assuming light-power proportional to 
horse-power expended (although it increases at a greater rate), 
100 horse-power would give 1 50,000 candles light ; if this be dis- 
tributed from three points, the cost of each lamp per hour would 
not be more than 7s. 6d. 9 or £1 2s. 6d. per hour for the three, 
each light centre giving an illumination which would enable 
small print to be read at a distance of a i mile from the light. 
A burner giving the light of 20 candles consumes 6 cubic feet of 
gas per hour, which may be manufactured at a cost of 2s. per 
1,000 cubic feet. This gives 7,500 burners' light only, and 45,000 
cubic feet of gas at a cost of £4. 10s. per hour, a ratio of 4 to 1 
in favour of electric lighting. Electric lighting, where adopted, 
has been found to be generally more economical than gas light- 
ing, but the economical ratios differ greatly, and are dependent 
chiefly upon the price of gas and the motor power employed- 
For large spaces the cost of electric lighting is about one-fourth, 
or even one-fifth of that of gas lighting, when steam has been 
used as a power, and wear and tear are reckoned. With a gas 
engine as motor, the ratio has only been as 1 to 3, the greatest 
economy having been with a turbine as motor* At Dieu's work- 
shops at Davours the cost per hour for gas is 2s, o 632^/. against 
is. 7. 2d. for electric lighting. Ducommun finds, taking into 
account wear and tear and interest, that gas costs 2^25 times 
more than the electric light, which ratio increases to 7*15 when 
wear and tear and interest are left out of consideration. At 
Siemens Brothers' Telegraph Works the cable shops are im- 
perfectly lighted with 120 gas-burners. Each of these burners 
consumes 6 cubic feet per hour, at a cost of $s. gd. per 1,000 
cubic feet The cost of fixing gas-pipes, including cost of pipes,. 
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" The objection that the glare of the electric light is trying to 
the eyes of the workpeople, has been overcome by inclosing the 
light in an opaque reflector, the rays being projected on to a 
screen, or on to the ceiling or roof of the building, whence they 
are diffused, giving to the space lighted the appearance of illumi- 
nation by daylight" 
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and tarred canvas, they are protected by well-fitted drain- 
pipes. There are openings in front of each lamp-post and 
in these are made the connections between the wires of each 
lamp and those of the circuit. Of course the seven wires are 
only between the commutator and the candles ; everywhere 
else there are only two for each set of four lamps. 

It appears that the two machines require 36 horse-power 
in order to light 32 lamps on each side of the street, that is, 
every lamp requires 1*12 h.p.; but it should be noticed that 
in this estimate the power needed to overcome the resistance 
of the conductors is included, and that this must be conside- 
rable is obvious from the fact that for the most distant con- 
ductors it is nearly 1,000 metres of wire. 

Jablochkoff asserts that each of the lamps represents from 
25 to 30 gas-jets; but F. Leblanc declares that it does not 
exceed 12 jets, and it is on this estimate that the last contract 
between the Jablochkoff Company and the city of Paris is 
based. We must, however, bear in mind that nearly 45 per 
cent, of the light is absorbed by the enamelled glass globes; 
so that it is possible that each light represents 50 or 60 Carcei 
lamps according to Jablochkoff, or 22 to 24 such lamps ac- 
cording to Leblanc According to the original agreement 
between the city of Paris and the Jablochkoff Company, the 
cost to the city was six times that of gas. It is now much 
reduced, and unless the company is a loser by the new agree- 
ment it has entered into with the city of Paris, the cost may 
be said to be nearly that of gas, for it is only one-fourth as 
much as under the first agreement. 

The debates in the Municipal Council on the renewal of 
their agreement may illustrate the cost of maintaining this 
system of lighting. The illumination of the Avenue del Optra, 
together with that of the Place de V Optra, the Place du Tht&tre 
Francais, and the facade of the Corps Lkgisla4if y originally cost 
1 franc 25 centimes for each lamp per hour. Now accor- 
ding to Mallet, 68 gas-jets may be had for this sum, and thus 
electric lighting would be at a disadvantage in tiie propor- 
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tionof 1 to 6. But the amount of 125 francs was in the 
last discussion in the Council reduced to 30 centimes, which 
it seems the Jablochkoff Company have accepted, as the 
lighting is continued. We think, however, that under these 
conditions the company must be out of pocket, for accord- 
ing to the calculations of the Reporter to the Municipal 
Council the cost must amount to 75 centimes. 

As the subject is interesting on account of the difficulty of 
obtaining exact data, it may be useful to give a summary of 
what was said on this subject in the Municipal Council. 

According to the Report of Cernesson, the cost of main- 
tenance for each electric lamp per hour may be deduced from 
the following list of the expenses of lighting 62 lamps for the 
space of one hour : — 

Fr. c 

Motive power (sundry expenses) 3*20 

Fuel (for the engines) 664 

Oil for lubrication 123 

Wages of attendant ... 3*20 

62 candles at 50 centimes each 31 00 

Total ... 4527 



This gives for each candle o fr. 75 cent. Yet the Com- 
pany were content to demand only o fr. 60 cent, and wished 
the Council to enter into an agreement on those terms : the 
Report did not, however, recommend a compliance with 
this, but established the principle of paying the Company irt 
proportion to the amount of light supplied. 

" Each of the electric lamps," says the Report, " having been 
supposed to give as much light as 11 gas-jets consuming 140 
litres per hour, and costing each about 2\ centimes, the Com- 
mission considers that a sum of 30 centimes per lamp per hour 
should be allotted to the Company. According to the preceding 
scale the Company would be entitled to only 27 centimes." 

As to the Electric Lighting Company's project of under- 
taking for three years the illumination of the principal 
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thoroughfares of Paris, the Commission distinctly refused to 
bind itself in any particular way, but decided that in the 
present condition of affairs, electricity, as represented by the 
JablochkofT candle, could not be considered as having 
reached such a degree of perfection that it could supersede 
gas ; that, nevertheless, the progress that had been effected 
was sufficiently real and important to justify a continuance 
of the experiments on a larger scale. The Commission 
therefore considers that the Avenue de VOpkra should con- 
tinue to be lighted as before for one year, beginning on the 
15th January, and that the Company might apply its system 
in two new positions in the city of Paris, viz., the Place de la 
Bastille zxi& one of the wings of the central markets. (See the 
journal Lfclectricitk of the 5th and 20th January.) 

The illumination of the Avenue de VOpkra and of the Place 
du Thkdtre-Francais allows but one candle to each lamp, and 
there are in all forty-eight luminous points. On the Place de 
V Optra there are only eight lamps, but two candles burn 
together in each of them; the two triple lamps placed on 
each side of the facade of the Opera-House have simple 
candles only. These two lamps are supplied by two Alliance 
machines, but those in the Place de VOpkra are worked by a 
Gramme dividing machine, and this requires for the electric 
lighting of this part of Paris the employment of four machines, 
each using from sixteen to eighteen horse-power. The Place 
de la Bastille and the central market are each lighted by 
sixteen lamps. 

In spite of the fierce hostility with which the gas com- 
panies attacked the newspapers in these trials of electric 
lighting, every civilized country is now turning its attention 
to this subject. The cities of Stockholm, St Petersburg, 
Amsterdam, and San Francisco have already taken steps to 
establish the electric light The City of London is at present 
engaged in realizing this application of electricity, and trie 
Thames Embankment is now lighted in this way. lEven 
America has made repeated attempts to reach an immediate 
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light were near the machine. We therefore see no reason why 
the cost of electric lighting should not come to be lower than 
that of gas lighting. It is only a question of time, and the 
important point was to prove that public illumination by 
electricity was not physically impossible — a matter upon 
which we now know what opinion to hold. 

It has been asserted that the electric light was hurtful to 
the eye, disagreeable in its effect, and alarming to horses. 
The experiments of the last six months have not given me 
any such impression; and if we stand in the evening at the 
corner of the Rue de la Paix and the Avenue de VOp'era, and 
compare the ilumination of the two thoroughfares, especially 
as regards the houses on either side, we should suppose that 
one of the streets is dark. Certainly, when the electric lighting 
of the Avenue de P Opera is given up, the public will find a 
vast difference, and will not easily become accustomed to the 
gas-lamps, which serve only to make the darkness visible ; and 
yet these lamps contain three gas-jets where a little while ago 
there was only one. 

As to the bluish hue of the electric light, it looks cold only 
because we are accustomed to reddish lights ; but if a red tint 
were required, it would not be difficult to impart it, by in- 
troducing certain colouring salts into the composition of the 
carbons. It is, however, difficult to suppose that this objec- 
tion is seriously advanced ; for it seems to me that a white 
light, resembling that of the sun and showing colours in 
their proper hues, is preferable to one which casts a false 
tint on all objects. Those who find fault with the electric 
light on this ground must equally object to those beautiful 
moonlight effects that are so much praised by artists and poets. 

In the pamphlet published by the Jablochkoff Company 
the advantages of electricity for public lighting are thus set 
forth :— 

"Besides the economy of the light it has the following 
qualities : — 
" i°. It does not alter colours, but allows the closest tints to- 
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be distinguished, which would be impossible with gaslight. In 
every industry where the qualities of objects have to be judged 
of from their colour, in those where there are sortings or selec- 
tions according to tints, in assorting stuffs or thread of various 
shades, the electtic light is of unquestioned utility. 

" 2 . The heat given off by electric lighting is extremely small. 
It is well known at what trouble and cost a very imperfect ven- 
tilation of apartments in which a number of gas-jets are burnt 
can be obtained. 

"3°. In industrial establishments the electric light supplies a 
general illumination, which facilitates superintendence at the 
same time that it simplifies all work of transport, management, 
&c, &c. It enables, therefore, the number of workmen employed 
in night shifts to be diminished, and consequently the extent of 
the premises in which the work is carried on to be reduced. 
There is thus, together with less cost, an economy of labour and 
an economy of the prime cost of the establishment. 

" 4°. It removes the danger of using gas, which results either 
from negligence or from an escape from the pipes, as when the 
turning of a tap is forgotten or the pipes are fused in a fire 
otherwise originating. 

" Nothing of this kind happens when the electric light is used. 
Instead of the fusible lead-piping, from which the gas can so 
readily be allowed to escape, and which can so easily be 
maliciously injured, the electric communication is by a cord or 
copper wire covered with an insulating substance. If the circuit 
were cut, which could only happen intentionally, the reverse 
would take place from what occurs in the case of gas, for the fluid 
would no longer flow, and the light would be extinguished. So 
that, while in the one case the gas from a leakage very easily 
occasioned, either by accident or by malice, spreads rapidly and 
forms with the air a mixture that a spark would cause to explode ; 
in the other case, if the circuit is interrupted there is merely a 
simple extinction of the lights. 

" Fires may also be occasioned by the direct action of the gas- 
jets on combustible materials. Now, an electric lamp having a 
flame of scarcely any size takes the place of a great number of 
gas-jets, and the chances of a fire are proportionately reduced. 
It is, moreover, important to observe that as the combustion of 
gas gives off much heat, the inflammation of combustible mate- 

*7 
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rials is facilitated by the high temperature of places lighted by 
gas. 

" The electric l ; ght, on the contrary, gives off extremely little 
heat, since a lamp yielding a light equal to that of several hun- 
dred stearine candles does not give more heat than a single 
candle. 

"5 . All the lamps supplied by the same dynamo- electric 
machine are lighted up instantaneously." 

When only a portion of the space has to be lighted in a 
given direction, and under an angle not exceeding 180 
degrees, the diffusion projectors invented by J. Van Mal- 
deren may be used with advantage. These consist of a kind 
of parabolic mirror, of which the electric light occupies the 
centre, and with the front part closed at a short distance 
from the arc by a ground glass which receives the beam of 
parallel rays sent out by the mirror, spreads them out so that 
all the space in front is illuminated. It is stated that the 
intensity of the illumination is greatly increased in this way. 

I think it will be interesting here to reproduce a letter by 
Lontin relating to the divisibility of the electric light, which 
has lately been so much spoken of, and has been put forward 
as a new discovery, the anterior labours of Wartmann, Quirini, 
and others being ignored. The letter was addressed to the 
journal L Electricity and appeared in the number for 5th 
November, 1878 : — 

" Allow me to remind you that two years ago / took out a 
patent for photo-electric regulators, which divide perfectly the 
current supplied to them. 

" The Alliance electro-magnetic machine which was working in 
the Exhibition, supplied, it is true, 4 Jablochkoff candles, but this 
same machine, without any change, has worked 12 of my regu- 
lators. Here, I think, we truly have the divisibility of the electric 
light, a divisibility the more real since each of my regulators gave 
a luminous intensity of 19 Carcel lamps. This luminous power 
may, moreover, be yet further reduced, for I have obtained in- 
tensities of only 4 Carcels. I think I may conclude from these 
experiments that the Alliance machine, or one of my dynamo- 
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electric machines suitably arranged for that purpose, can supply 
50 regulators. 

" The illumination of the Lyons railway station last year was 
supplied by one of my electric generators yielding 1 2 currents, 
each current maintaining 2 or 3 lamps. The new apparatus 
I am now fitting up will allow of 4 lamps being inserted in each 
current 

"At the Saint- Lazare station each current supplies 2 or 4 
lamps, the intensity of which is regulated according to the re- 
quirements of the service." 

Application to the Illumination of Lighthouses. 

— We are now no longer in the region of hypotheses, the 
application of the electric light to lighthouses being a fait 
accompli for more than fifteen years (1864), and I am not 
aware that any serious accident has interrupted the experi- 
ments. Most of the important lighthouses on the coasts of 
France, Russia, and England are thus lighted ; and- it is to 
the bold enterprise of the Alliance Company and its intelli- 
gent director, Berlioz, that the civilized world owes this 
beautiful application, which has certainly prevented many 
maritime disasters. It is true that Berlioz has been ener- 
getically assisted in his experiments by the Lighthouse Ad- 
ministration, and among others by Reynard and Degrand, 
who, after many intelligent experiments, arranged the light- 
houses of La Heve on this new system towards the end of 
1863. Some time afterwards England imitated us, and em- 
ployed the electro-magnetic machines of Holmes, which were 
merely an inferior copy of those of the Alliance. Le Roux 
has published in the Bulletin de la Societk d' Encouragement a 
very interesting paper on this kind of application, and we 
should have had great pleasure in reproducing it here had 
space permitted, but we shall give merely a summary of it, 
referring the reader to tome XIV. of the Bulletin de la Society 
p. 762. 

At the present time, dynamo-electric macnines appear to 
be preferred, and the Telegraphic Journal in the number of 

17 — 2 
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the ist December, 1877, gives many details of the manner j 

in which the apparatus is fitted up in the lighthouses at 1 

Lizard Point This would be very interesting to describe, 
but for want of space we shall at present content ourselves 
with considering the way in which the electric light is arranged 
at the top of the lighthouses. 

The illuminating part of a lighthouse is constructed, as 
shown in Fig. 68, of a glass lantern formed of a certain num- 
ber of Fresnel's lentilks-h-khelons (lenses in steps), in the 
centre of which the luminous focus is situated. This lantern 
is turned by powerful clockwork, and it is the passage of the 
separating zones between the different lentricular parts that 
produces those eclipses by which the light of a lighthouse is 
distinguished from that of an ordinary fire. The smaller the 
luminous point the more the effect is magnified by the lenses, 
and in order that the light shall be visible from a great dis- 
tance it is essential that the luminous focus should be as 
bright and as small as possible. Now, the electric light solves 
this double problem, and therefore it appears expressly made 
for lighthouses. Nevertheless, as the electric light regulators 
are occasionally liable to extinction, and a prolonged ex- 
tinction might cause serious disasters, the regulators (gene- 
rally Serrin's or Siemens') are arranged in duplicate. They 
slide into the lantern on small rails pl ace( J (m for, $m& C e of ^ 

a cast-iron table, a stop arrests the m ^ h \ 

the lenses, where they instantly light tK ** 4 ' " 

« one of the great advantages of t h~ **»Wj 
cially W it h the regu]atore t vbib e *k/ eVv es . 
communication is Labhshed on £*» ^V V^ « / /////, 
cast-iron table, and on the other ** Sf- -J?K «*/ f \ \h 
Presses agamst t0e > ,* b v ?V , 

« ThesubstituHor o foneTal he CS*>>* 
-% - one *£**£ ^W, 



^th ^ lt> 



b, 



APPLICA TIONS OF THE ELECTRIC LIGHT. 



262 ELECTRIC LIGHTING. 

commutator, but to centralize the two points of light is a 
more difficult matter. 

The carbons used in lighthouses are 7 millimetres wide 
and 27 centimetres long, and their rate of consumption is 
estimated at 5 centimetres per hour at each pole, at least 
. with machines giving alternating currents. In spite of this 
uniform consumption there is, however, a slight difference, 
and the upper carbon is consumed a little faster than the 
lower, in the ratio of 108 to 100. The regulators are there- 
fore very well adjusted, but as it is important that the varia- 
tion of the luminous point shall be under 8 millimetres, 
without which the rays will not be sent out to the horizon, 
it is necessary to carefully attend to this light. In order that 
the keepers may be able easily to observe the progress of 
the carbons, an image of them is projected on the wall by 
means of a lens of short focus, a horizontal line is marked 
on the wall, and the points must be equally distant from that 
line. As a deviation of 1 millimetre is represented by a 
deviation of 22 millimetres on the wall, defects in the adjust- 
ment are readily seen. 

This apparatus began to work at the lighthouse on the 
south cape of La Hfeve on the 26th December, 1863, and 
after fifteen months of experiments it was decided to apply 
the same plan of lighting to the second lighthouse. From 
that time electric lighting was definitely established. 

As to the machines, which, like regulators, are provided 
in duplicate, they are generally placed in the base of the 
lighthouse tower, with the steam-engines for driving them, and 
well-insulated cables of a large diameter convey the current 
to the regulators, as we have already said. 

According to Le Roux, it seems that even with the Alliance 
machines of 4 discs, the cost of the light is, on the average, 
one-seventh of that of oil 

In the natural state of the atmosphere the Alliance machines 
with 4 discs give a light visible at 38 kilometres, and those 
with 6 discs have a range of 50 kilometres ; but it is curious 
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that in foggy weather the electric light does not carry farther 
than that of oil lamps. 

There are now several electric lighthouses in France, Eng- 
land, Russia, Austria, Sweden, and even in Egypt. Their 
working is everywhere satisfactory. 

Application to the Lighting of Ships.— One of the 
most important applications of the electric light is for lighting 
ships in their course so as to avoid fouling, and show the en- 
trances to ports in the night. The earliest attempts were made 
with the magneto-electric machines of the Alliance Company, 
andalthough the results were not entirely satisfactory, they were 
sufficiently successful to show that a solution of the problem 
would be effected in the immediate future.* The inconve- 
niences for which the plan was blamed may thus be summed 
up: — The electric light produces round it a whitish cloud, 
fatiguing to the eye and injurious to observations; the fixed 
electric light, by its great intensity, obliterates the regulation 
green and red lights, which is a source of real danger; near 
the shore, ships might mistake the electric lantern for a light- 
house, and take a false course; finally, the apparatus is cum- 
bersome, and the cost of fitting it up too great for the service 
it renders. 

The greater part of these objections have lately been re- 
moved, by raising the luminous lantern to a certain height, 
by making the light intermittent, and by using the Gramme 

* The first attempts of the Alliance Company, at that time directed by 
Berlioz, were made as early as 1855, on board the. Jerome-Napolion, whose 
commander, M. Georgette Dubuisson, was a strong supporter of the system. 
They were afterwards repeated on board the Saint- Laurent, the Forfait, the 
d'Estre'e, the Heroine, the Coligny, the France ; and it may be seen by the 
Reports in Les Mondes, tome XVIII., pp. 51, 325, 458, 593, 637/ tome XVI., 
pp. 488, 594 / tome XIII. , pp. 177, 405, 423 / tome VIII. , p. 592, that if the 
naval service in general attached little importance to this application, several 
distinguished officers fully appreciated its value. At that period, it is true, 
the electric lighthouses that have given such good results on board the 
Amerique had not been fitted up on ships, but an electric light lantern, 
very ingeniously arranged, was fixed on the mizzen-mast, and thus removed 
one of the principal objections that had been made. 
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machines, which occupy a small space and are not costly. It 
was on board the transatlantic steamer LAmerique, and 
under the direction of Captain Pouzolz, that this new system 
was first established; and it appears to have succeeded per- 
fectly. 

Fontaine gives the following details on this subject : — 

" The lantern is placed in the upper part of a turret ascended 
by internal steps, so it is not necessary to go on the bridge, for 
this turret rises above one of the companion-ladders. This 
arrangement is very advantageous, especially during heavy 
weather, when the bow is with difficulty accessible from the 
bridge. The turret was at first 7 metres high, but Pouzolz 
had it lowered by 2 metres to increase its stability, and to lower 
the level of the luminous beam ; so that this turret is now 5 
metres above the bridge. Its diameter is 1 metre, and it is 
placed in the fore part of the steamer at 1 5 metres from the stern. 

u The lantern properly so called has prismatic glasses ; it is 
able to illuminate an arc of 22 5 while leaving the steamer almost 
entirely in shade. The regulator, which is on Serrin's plan, is 
hung to the cardan. A small seat in the upper part of the tower 
allows the attendant to regulate the lamp. The luminous beam 
is about 8 diameters wide. 

" The Gramme machine which supplies the luminous arc has 
a power of 200 Carcel lamps, and is driven by a motor on the 
Brotherhood system, which reduces the space occupied by the 
two to i'2o metres by o*6o. These two machines are placed on 
a false floor in the engine-room, 40 metres from the lantern. 

"All the wires pass through the captain's cabin, who has under 
his control commutators by which he can at will turn the light 
on or off in each of the two lamps without stopping the Gramme 
machine. 

" The novelty of the arrangements on L'Amerique consists in 
the automatic intermittance of the light in the lantern. This 
intermittance is given by a very simple commutator attached to 
the end of the axle of the Gramme machine, which has the effect 
of alternately sending the current into the lamp, and into a closed 
metallic bundle of the same resistance as the voltaic arc, which 
bundle is heated and cooled alternately. This arrangement was 
adopted in order to keep the Gramme machine, which makes 



APPLICATIONS OF THE ELECTRIC LIGHT 265 

850 revolutions per minute under always the same conditions as 
regards the external circuit. According to Pouzolz's calcula- 
tions, the best relation between the eclipses and appearances of 
the light would be a light of 20 seconds and an eclipse of 100 
seconds. 

"The height of the luminous focus is 10 metres above the 
water, and the possible range of the light, in consequence of the 
depression of the horizon, is 10 marine miles (18,520 metres) for 
an observer with his eye at 6 metres above the water. 

u In order to light up the topsails and the gallant-sails while the 
low sails are left in obscurity, Pouzolz had made a frustum of a 
cone in tin-plate, and placed it in the movable lamp, with the 
large opening outwards. In this way the AtnMqut was visible at 
a great distance from ships and signal-stations when the captain 
allowed the electric light to continue in action during the whole 
night/' 

It will be seen by this description that all the objections 
offered to the use of the electric light on ship-board have 
been removed by this new arrangement, and Pouzolz answers 
those which have been made to the use of an intermittent 
light by stating that the light produced by short flashes has 
never incommoded the sight of any officer of the watch or 
look-out man at the cathead, and that the brilliancy of the 
green and red side-lights is not at all diminished by the use 
of the lighthouse in front. 

Since the dreadful collisions which have taken place within 
the last four years, there is now more inclination to resort 
to the electric light for ships ; and we see that, according to 
Fontaine's book, in 1877, a certain number of Gramme 
machines have been set up on board several French, Danish, 
Russian, English, and Spanish ships of war, among which 
we may mention the Livadia and the Peter the Great of the 
Russian navy, the Richelieu and the Suffren of the French 
navy, and the Rumancia and the Victoria of the Spanish 
navy. It remains to describe the projecting apparatus, 
which, on account of the small space over which the light is 
to be thrown, is different from the lenticular apparatus of 



ELECTRIC LIGHTING. 



lighthouses. This apparatus is not essentially different from 
that which was put up on board of iht Jcrdme Napoliott. This 



consisted of a parabolic reflector, in the focus of which was 
the voltaic arc produced by a Serrin regulator. This reflector, ■ 
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a little prolonged in front, was closed by a Fresnel lens, in 
order to transform the divergent beam into a parallel one. 
Finally, behind the regulator and the reflector was a small 
spherical reflector. The whole was mounted in a chamber 
movable on a pivot 
which, by a lever and 
rotating platform, per- 
mitted the beam to 
be sent in any direc- 
tion. Further, a ma- 
rine telescope fitted 
to the apparatus 
enabled the points 
of the horizon lighted 
by the beam to be 
observed. By placing 
in front of this beam 
coloured glasses, the 
light could be colour' 
ed green or red, and 
thus made suitable for 
marine signalling, 

In Sautter and Le- 
monnier's projector, 
represented in Fig. 
60, the spherical and 
parabolic reflectors 

do not exist, and the fig. 70. 

whole consists of a 

Fresnel lens composed of 3 droptric and 6 catadroptric 
elements. This lens is enclosed in a wide cylindrical 
tube, which, being supported on a pivot with the whole 
electrical arrangement, can be turned in any desired direc- 
tion. 

In Siemens' projector, represented in Fig. 70, the para- 
bolic reflector is placed behind the lamp ; and the latter is 
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also provided with two lenticular arrangements for projecting 
the image of the carbons on a screen, thus facilitating their 
adjustment. 

Application to Nautical Signals at long range.— 

Nocturnal signals exchanged between the various ships of a 
squadron are often inefficient on account of the feebleness of 
the light, and it would be desirable to make them clearer 
and visible at a greater distance. To accomplish this, De 
Mersanne arranged a particular system of regulator, which 
could not only be controlled at a distance, but was also re- 
gulated without requiring the presence of an attendant near 
the instrument. 

This regulator has its carbon-holders mounted on two 
vertical rods provided with a screw movement, and capable 
of turning round on their own axes by an electro-magnetic 
mechanism controlled by a commutator. The apparatus is 
enclosed in a large lantern provided in its central part with 
a cylindrical system of " lenses-in-steps," at the focus of which 
the luminous arc is placed, and which is so arranged as to 
direct the light according to the height which the beam has 
to reach. Now it is in order to always keep the luminous 
point in the right place that the above-mentioned electro- 
mechanism is applied. This is composed of two straight and 
two horse-shoe electro-magnets, arranged in two perpendicular 
lines in a vertical plane. In the centre of these four electro- 
magnets there is on a forked armature a lever provided with 
a steel tooth, which passes between two parallel ratchets 
inversely disposed to the lower end of the two rods of the 
carbon-holders. When no current is passing in the electro- 
magnets the tooth is exactly between the two ratchet-wheels; 
but if, by means of the commutator, the current is passed 
through one of the straight electro-magnets — the upper one, 
for example — the lever already mentioned is raised, and the 
tooth at the end enters between two teeth of the upper 
ratchet-wheels, without, however, producing any effect ; and 
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it is only when the current is made to pass through the right 
electro-magnet that the latter causes the lever to turn, and 
pushes the tooth by one notch. The screw rod of the regu- 
lator then turns, by an amount proportionate to the escape- 
ment of this tooth, and lowers the corresponding, carbon- 
holder. If now the lower straight electro-magnet be excited, 
the tooth of the lever engages the lower ratchet-wheel of the 
rod, and when the current is sent through the left electro- 
magnet the rod in question turns by the space of a tooth of 
the ratchet-wheel, but in the direction opposite to the former 
movement; and this causes the carbon to be raised that 
before was lowered. As the other carbon is capable of 
being similarly acted upon in the same way, the luminous 
point can thus be placed at any desired elevation, at what- 
ever distance the operator may be from the regulator ; and 
he can separately or simultaneously move both carbons as 
occasion requires. 

As to the signals, there are two methods of proceeding. 
Either the light of the signalling apparatus maybe extinguished 
by a commutator, or the lights may be hid by a screen elec- 
trically made to descend in front of the arcs. In the latter case 
the apparatus are fitted up with a special system of electro- 
magnets, by which the movement is easily effected. De Mer- 
sanne has fitted up several patterns, which may be applied to 
any other kind of regulator; the problem is not one of any 
difficulty. 

The signalling apparatus just described has been made to 
work by hand ; but the regulation of the light may obviously 
be automatically produced in a very simple way, by causing 
a mechanism connected with the light-producing current to 
act on the commutator already mentioned. 

One small detail in the construction of the commutator is 
of some importance. It is a platinum wire which glows when 
the lamp itself is lighted, and is extinguished with the latter. 
The person sending the signals is therefore aware, although 
he may not see the lamp, when this latter is lighted. 
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Application to the Arts of War*— The extreme in- 
tensity of the electric light, and the ease with which it can 
at will be made to instantly appear and disappear at a dis- 
tance, render it capable of important applications in military 
operations, either for signals, or as a means of illuminating at 
night a distant point to be observed, or to light up the work 
of the assailants in sieges. Martin de Brettes published, 
twenty years ago, an interesting paper on this subject, and 
this we have reproduced in the second edition of our Exposi 
des applications de V Electricity tome III., page 258. We have 
here space for only a few extracts : 

" Signals in the field or at a siege," says Martin de Brettes, 
" are chiefly intended for the transmission of orders or urgent 
despatches. It is therefore clear that the best system of lumi- 
nous signals is that in which the light is most simply produced, 
is seen from the greatest distance, and has the greatest regula- 
rity in the appearance of the lights combined to produce the 
signs required in a telegraphic correspondence. 

" As to the property possessed by the electric light of being 
seen at a considerable distance, its superiority for a good system 
of signals cannot be disputed. Nevertheless, rockets may in 
general, under ordinary circumstances, be advantageously em- 
ployed on account of their simplicity, the ease with which they 
can be carried about and used. But when a powerful permanent 
luminous signal is required, the electric light will be of great 
help, and may prevent the use of a captive balloon in the field. 

" Again, circumstances occur in war in which an illumination 
of a longer or shorter duration is required ; for instance : 

" To reconnoitre a fortification, the besieger requires a mo- 
mentary light sufficient for his purpose, and not so prolonged as 
to attract the attention of the besieged. 

" To direct the fire of a battery on a given point, that point 
must be lighted up long enough to allow a good aim to be taken. 

"In order not to be taken by surprise by the opening of 
trenches, the besieged should continuously light up the ground 
where that operation is likely to be executed. 

" The lighting up of a battle-field or of a breach at the time 
of the assault, requires also an illumination of an indefinite 
duration. 
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u Thus there may be required in war, either a momentary illu- 
mination, or one prolonged for perhaps the whole night. We 
have already seen that these two illuminations can be readily 
produced at will by the electric light, by closing or interrupting 
the voltaic circuit. ,, 

Martin afterwards explains the conditions for applying the 
electric light so as to obtain these results. At the time 
when his paper was written, however, the light could not be 
produced by electro-magnetic machines, and it would have 
been necessary to work with the cumbersome materials of 
a battery, which made the problem one of much greater 
difficulty. Now, thanks to the small dimensions of the 
magneto-electric machines, very considerable luminous inten- 
sities may be obtained, and this kind of application of the 
light becomes an easy matter. The magneto-electric — or, 
best of all for this purpose, the Gramme — machine, may 
be mounted to a portable engine, which can be as easily 
moved about to any required position as the cannons. The 
system used in France is driven by a Brotherhood three- 
cylinder machine. The electro- magnets of the Gramme 
machine are thin, flat, and very wide ; the bobbin has two 
current collectors, and a commutator mounted on the arma- 
tures allows the machine to be joined up for tension or for 
quantity. This plan, as shown in Fig. 71, has been adopted 
by France, Russia, and Norway. 

According to Fontaine, it was found, by experiments made 
at Mount Valerien with a machine thus arranged, that an 
observer, placed beside the apparatus, is able to see objects 
6,600 metres distant, and to distinguish clearly details of 
construction at a distance of 5,200 metres. To obtain these 
results, the Gramme machine must have a power of 2,500 
lamps, and the projector must concentrate the light by re- 
flection and refraction, as in those projectors we have de- 
scribed for lighting ships at sea. 

When the electro-magnets of the machine are joined up 
for quantity, it turns with a speed of 600 revolutions per 
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minute, and expends 4 h.-p. ; the light produced varies from 
1,000 to 2,000 lamps. In the second case it makes 1,200 
turns, employs 8 h.-p., and gives light equal to from 2,000 to 
2,500 lamps. When the weather is clear, the machine is 
joined up for quantity, and the expenditure of steam is then 



small, the working easy, and the carbons are consumed 
slowly. When the weather is foggy and thick, the machine 
is arranged for tension, the expenditure of steam increases, 
the working requires rather more care, and the carbons are 
consumed quickly. With the Brotherhood motor the change 
of power is effected instantaneously. 

For war signalling, Gramme has fitted up a small machine 
which can be worked by a man's arm. This machine, 
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worked by four men, gives a light equal to 50 Carcel lamps. 
The French Government has lately had it tried. 

Experiments with machines arranged in nearly the same 
way were made in Berlin in 1875. The light produced was 
intense enough at a mile's distance to allow ordinary writing 
to be read. When a mirror placed in front of the regulator 
was inclined so as to reflect the rays upwards, a luminous 
track was thrown upon the clouds, and from a distance 
appeared like the tail of a comet, in which the signals made 
before the^ mirror showed themselves. 

Mangin's projector is the one adopted in France for mili- 
tary operations, and it is in arrangement somewhat similar 
to that of Siemens', which we have shown in Fig. 70. It is 
mounted on a low light truck, by which it can easily be taken 
wherever required. This apparatus, described in detail in 
the Memorial de Vqfficier du gbtie (Engineer Officer's note- 
book), is composed essentially of a concavo-convex glass 
mirror with spherical surfaces of different radii. The con- 
vex face is covered with silver, and reflects. This mirror, 
90 centimetres in diameter, has the property of being free 
from spherical aberration, notwithstanding its "diameter and 
its focal length being nearly equal. 

Between the mirror and the luminous arc is a concavo- 
convex lens with its concavity towards the light. Its use is 
to collect upon the mirror a greater number of the rays, and 
thus increase the amplitude of the field of illumination. 

The beam leaving the apparatus when the lamp is at the 
focus of the lens is exactly bounded by a circumference 
almost free from penumbra, and without other divergence 
than that due to the dimensions of the source of light, which 
divergence is about 2\ degrees. The light is uniformly dis- 
tributed over the whole surface. 

This apparatus also possesses the property of being made 
at will, either to light up a considerable space or to concen- 
trate its intensity on one point, and this renders it extremely 
suitable for certain military operations. A simple displace- 

18 
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ment of the luminous point produced by a screw effects the 
change. 

In some other experiments made with these apparatus at 
Toulon and at Cherbourg an unexpected fact was esta- 
blished, namely, that when the concentrated beam is pro- 
jected upon a ship, the pilot has much difficulty to enter a 
port This is a new means of defence. 

It has been proposed to send signals from captive balloons. 
In this case the signal regulator of De Mersanne may be 
advantageously employed. 

Lighting of Railway Trains* — The intense brilliance 
of the electric light, and the easy method of throwing it in 
any direction, have suggested in its employment for lighting 
railway trains running at night, and for announcing them at 
a greater distance were it only by the illumination of the sky 
at the place they are passing. Experiments made on the 
Chemin de fer du Nord have been perfectly successful, and 
seem to indicate that this plan of lighting will one day 
become general In the meanwhile Girouard has invented 
the following system. 

The electric generator, or Gramme machine, is fitted up 
on the tender, and is driven by a toothed wheel moved by 
an independent piston fixed on the lower part of the frame. 
One of Watt's governors controls the admission of the steam. 
A copper tube connected with a cock fixed on the engine is 
coupled to a pipe leading to the slide valve of the motor 
cylinder. In order to protect the magneto-electric appa- 
ratus from rain and dust, it is enclosed in a wooden casing, 
and only the cylinder remains outside. It will easily be 
seen that this arrangement is very solid, although indepen- 
dent of the engine. Its parts can be attended to by the 
person who usually cleans the engine. 

In front of the locomotive there is firmly fixed a lantern 
containing an electric lamp provided with a powerful re- 
flector, and in front of the lantern is placed, at an angle of 
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45 degrees, a semi-transparent platinized plate of glass. This 
glass is mounted in a frame so arranged that it can be 
turned a little to the right or left, while still inclined at the 
same angle. Further, a frame containing three coloured 
glasses, red, white, and green, is placed in front of the 
reflector, and serves at the same time to protect the lantern 
from wind and rain. 

A jointed rod proceeds from the frame of the inclined 
glass, and another from the frame carrying the coloured 
glasses, and these rods are connected with two small levers 
within reach of the engine-driver. The lamp is connected 
with the magneto-electric machine by two cables, and when 
the current passes in the lamp the luminous rays are thrown 
forward by the reflector, but, as the glass is slightly platinized, 
only a portion of the beam proceeds straight forwards, whilst 
the other is projected upwards towards the sky in the form of 
a cone. By means of the first lever this cone can be turned 
obliquely either to the right or to the left, while the forward 
illumination still continues, and by means of the second 
lever the rays can be coloured either red or green. Now, by 
giving a certain meaning to each combination, a considerable 
number of signals may be formed. Besides this, although a 
train may be passing through a deep cutting or be hidden 
from sight by curves and inclines, or although the direct view 
of it may be intercepted by bridges or other objects, the 
beam projected vertically indicates its position at a great 
distance. 

Application of the Electric Light to the Lighting 
•of the Drifts in Mines, &c— Several men of science, and 
among the rest De la Rive, Boussingault, and Louyet, have 
laid claim to having thrown out the first suggestion of the 
use of the electric light in mines. The idea originated, as 
seems to me to have been proved, with Louyet; but the 
application of it was certainly not made until 1845 by 
Boussingault. 

18—2 
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Everybody knows of the dangers miners are exposed to 
when gas, issuing from the beds of xoal, comes into contact 
with the flame of a lamp. A dreadful explosion takes place, 
and fires the whole drift. These sad accidents are called 
explosions of fire-damp. Now as the electric light is inde- 
pendent of a supply of air, for it can be produced in a 
vacuum, the danger of fire-damp will obviously be avoided, 
by enclosing each lamp in hermetically-sealed globes, placed 
in the drifts where the miners are working. It will, however, 
"be necessary to exhaust these globes, lest the dilation by heat 
of the enclosed air should break them. There is then not 
the least danger to be feared, for the luminous points are 
thus completely separated from the external air. 

In order to avoid the considerable cost of setting up the 
electric light, Dumas and Benoit conceived the idea of sub- 
stituting the light of the inductive spark in a vacuum; they 
therefore arranged the vacuum tube spirally, and placed it in 
• an outer tube, provided with copper fittings for suspending. 
The exhaustion is made on Morren's gas, in order to obtain a 
fine white light. I have spoken at length about this kind of 
illuminating tubes in my account of RuhmkorfTs induction 
apparatus (5th edition), and to this I refer the reader. 

The electric light produced by the Alliance machines was 
successfully used in 1863 by Bazin for lighting the slate 
quarries of Angers. A machine with 4 discs was capable of 
lighting a gallery 60 metres long, by 50 metres wide and 
40 metres high. The machine was hear the opening of 
the shaft, and the electric current was transmitted by wires 
150 metres long. In spite of the diminution of intensity oc- 
casioned by this great length of wire, the illumination proved 
so satisfactory that the workmen expressed their delight by 
loud applause. These advantageous results were confirmed 
on several different occasions, and it was found that the 
effective labour of the workmen was increased by a fifth or a 
sixth — a net advantage of 15 or 20 per cent, to add to the 
comfort of the workmen, which it was desirable to secure 
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even at a high cost. There were, however, only two points 
of light. (See Les Mondes, tome /, page 691, and tome If. f 
pp. 22 rand 278). 

The electric lighting of the slate quarries at Angers has 
lately been provided for in a permanent manner by Lorain. 
For this purpose a Gramme machine of the pattern described 
on page 75, and two Serrin regulators, have been used. The 
large subterranean gallery thus lighted up is no less than 
100 metres in length, with a width varying from 15 to 50 
metres, and a height of 60 metres. The whole of it — walls, 
vaulted roof, and floor — is black, yet in spite of the absence 
of reflection from its surfaces, it is illuminated almost as well 
as it would be in broad daylight under a clear sky, and with 
great satisfaction to the workmen and advantage to the 
Company. 

A speed of 800 turns per minute would appear to be 
sufficient for obtaining a splendid light with the Gramme 
used, if the regulator had been placed near it ; but on account 
of the depth of the quarry the regulator was about 350 metres 
from the source of electricity. In order to obtain a good 
light and a regular working of the apparatus, it was requisite 
to give the machines a mean and nearly constant velocity of 
1, 1 35 revolutions per minute. Conducting wires of a greater 
diameter are about to be used, and this will allow of such a 
reduction of the velocity that the electro magnets will not 
become heated beyond 50 . 

The machines have been running simultaneously and con- 
tinuously day and night since they were put up, eight months 
ago. With regard to duration and continuity, this experiment 
is the most conclusive that has hitherto been made with the 
Gramme machine, which has victoriously stood this severe 
test (See the journal La Lumiere electrique for 15th May, 
1879.) 

The employment of the electric light for the illumination 
of works carried on at night was one of the first useful appli- 
cations of this method of lighting, and, dating from the works 
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of the Pont Notre-Dame, where it was brought into use for 
the first time, it has always been employed whenever any 
important work had to be expeditiously performed. It has, 
for instance, been made use of in the works for the Docks 
Napoleon, in the rebuilding of the Louvre, &c, &c. In such 
applications the lantern is commonly set up at the top of a 
wooden post, and is furnished with a reflector tor throwing 
the light downwards. It has also been proposed to apply 
the electric light in field labours in order to expedite harvest 
operations. Albaret, the head of a great firm of agricultural 
implement manufacturers at Liancourt, has lately made at 
Mornant and at Petit-Bourg, experiments that have proved 
successful. The apparatus (described in the journal L y £lec- 
tricite of the 5th Sept., 1878) is composed of (j°) a portable 
steam-engine ; (2 ) a dynamo-electric machine of some kind 
or other ; (3 ) a post made of iron bars, serving to carry the 
lantern and the lamp, and fitted to the portable engine. 
The engine may, if it has sufficient power, be utilized to drive 
a thrashing machine. A windlass in front of the chimney 
enables the post to be raised or lowered. 

Application to Lighting Railway Stations, Work* 
shops, &c— The electric lighting of large workshops and 
railway stations is now un fait accompli. Following Her* 
mann-Lachapelle, who was one of the first to enter upon this 
course, a multitude of other manufacturers now use it with 
very great satisfaction. Fontaine's book tells us that Gramme 
machines now illuminate the establishments of Ducommun, 
atMulhouse; of Sautter and Lemonnier, at Paris; ofMenier, 
at Grenelle, Noisiel, and Roye; the spinning-mills of Dieu- 
Obry, at Daours; of Ricard fils, at Mauresa (Spain); of 
Buxeda, at Sabadell (Spain) ; of David, Trouillet, and Ad- 
hemar, at Epinal; of Bourcard (Doubs); of Horrocks and 
Miller, at Preston; the weaving-shops of Gregoire, at Crere- 
Coeur-le-Grand; of Manchon, at Rouen; of Brindle, at Pres- 
ton; of Mottet and Baillard, at Rouen; of Isaac Holden, 
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at Rheims; the workshops of Coron and Vignat, at Saint- 
Etienne; of Maes, at Clichy; of Descat-Leleu, at Lille; of 
Pulher and Sons, at Pesth; of Carel, at Ghent; the yards of 
Jeanne Deslandes, at Havre; the workshops of Mignon, 
Ronart, and Delinieres at Montlugon; the quay of the canal 
between the Marne and the Rhine, at Sermaize; the goods 
station at La Chapelle, Paris; and also the different places 
undertaken by the Jablochkoff Company mentioned in 
pages 228-9.* The result has everywhere been satisfactory. 
Fontaine's work gives details on the fitting up of these 
systems of lighting. We shall here merely describe that of 
the station of the Chemin du fer du Nord, on account of the 
ingenious method by which a light is obtained not fatiguing 
to the eye, and capable of illuminating the various parts of 
the hall by nearly perpendicular rays, thus obviating the 
shadows thrown by packages, and throwing over them a 
flood of light like that of the torrid zone. 

This method consists in arranging round the regulators, 
which are hung up at various points of the halls, a kind of 
reflector partly formed by the support of the lamp and partly 
by a sort of inverted ground-glass funnel, so placed that the 
luminous arc cannot be seen directly from any part of the 
hall. The light thus partially stopped is reflected towards 
the ceiling, as well as that which proceeds from the upper 
part of the arc; and as the ceiling is painted white, it is 
capable of forming in its turn an immense reflector, which 
sends down the luminous rays almost vertically, and thus 



* Besides these establishments, Fontaine mentioned, in the beginning of 
1877, a number of other workshops lighted in this way. Among the rest 
were the cannon foundry at Bourges ; the workshops of Cail, those of the 
Mediterranean Iron Works Co. at Havre, those of Crespin and Marteau at 
Paris, of Beaudet at Argenteuil, Thomas and Powell at Rouen, Ackermann 
at Stockholm, Avondo at Milan, Quillacq at Anzin ; those of Fives-Lille, of 
Tarbes, of Barcelona; the Midi Stations at Brussels; the workshops at 
Fourchambault ; the foundries of Besseges and of Fumel ; the dye-works ot 
Guaydet at Roubaix, of Harm art at Wasquehal 1 the weaving shop . ot 
Baudot at Bar-le-Duc ; the laundry of the Lyons hospitals, &c. 
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prevents the very dark shadows which would be cast by the 
packages. By the adoption of this method, it has been 
found possible to reduce the number of men on the staff for 
night services, and the number of small articles lost has 
been much diminished E. Reynier has improved this system 
by making the reflecting apparatus and the lantern which 
causes the regulator much easier to manage. In his arrange- 
ment the apparatus is moved like the suspenders in a dining- 
room. We have not space here to give the details of this 
interesting arrangement, but we shall, at a later period, pub- 
lish a more complete description. 

The Gramme Company has also fitted up for the shops of 
the Louvre a luminous ceiling, which has proved equally 
successful. The ceiling is formed in the first place of a large 
plate of ground unsiivered glass, which constitutes the base 
of a large hollow pyramid of tin-plate intended to act as the 
reflector ; an electric light regulator suspended and balanced 
by a counterpoise is placed within this pyramid, so that the 
reflected rays may be thrown as uniformly as possible on the 
gjound glass. A second reserve regulator can, moreover, 
be readily substituted for the first one when the carbons have 
to be renewed. 

The light reflecting system, used at the goods station of 
the Chetnin dufer du Nord, has been employed at Vienna to 
illuminate a skating rink 133 metres long. Two Gramme 
machines and two Serrin lamps, above which were hoisted 
large reflectors of elliptical curvature, were enough to light 
up the rink splendidly. This is the most successful of open 
air applications. 

Splendid electrical illuminations have recently been pro- 
vided at the picture exhibition in the Champs-Elys^es at 
Paris, and at the exhibition of electric light apparatus at the 
Albert Hall, London. The former have been produced by 
Jablochkoff candles, the latter with these candles combined 
with Siemens' lamps. The results, although leaving room 
for some improvement as regards the steadiness and the 
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appearance of the illuminated objects, have shown the im- 
mense resources this method of lighting places in our hands. 

Besides the Chatelet Theatre in Paris, which has for several 
months been partially lighted by the JablochkorT system, the 
Gaiety Theatre in London has been lighted throughout the 
winter by the N electric light, the apparatus employed being 
Lontin's. 

To dismiss the subject of electric illuminations, we may 
here state the results, as noted in the American newspapers* 
of the lighting of Cleveland Park, where the Brush system 
was used, According to these newspapers, this system of 
lighting must have been more economical than those tried 
in England and France in the proportion of 4 to 1. It is 
asserted that this illumination is supplied by twelve Brush 
lamps of the pattern described on page 178, excited by one 
of the same inventor's machines not requiring more than 1 1 
h.-p. to drive it, and that each ot these lamps has a luminous 
power of 2,000 candles, or 200 Carcel lamps. These 12 
lamps are represented to have advantageously replaced the 
100 gas-jets which had hitherto been used, and the amount 
of light given off is stated to have been about three times 
that produced by the gas. 

We think this account is exaggerated, for if each Brush 
light represent 200 gas-jets, the 12 should be equal to 2,400 
jets. Now, we see that the total illumination is only three 
times better than the original lighting, which was 100 jets; 
the Brush illumination would therefore represent only 300 
gas-jets, or 25 for each electric lamp. 

We must here mention, as important adoptions of the 
electric light, those recently made at the South Kensington 
Museum, and at the Jardin d* Acclimataiion at Bordeaux. 
There the Werdermann system has been used, and apparently 
with much success. 

Application of the Electric Light to Fishing.— 

It has p«t yet been decided whether the electric light 
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plunged beneath the surface of the water, attracts fish or 
drives them away. According to some persons, it would be 
a means of making miraculous draughts, and Jobard, of 
Brussels, published in 1865 a very ingenious paper on this 
application ; but we must unfortunately dispel the illusions 
which were formerly cherished. J. Duboscq has in fact con- 
structed, to the order of an Anglo-French nabob, a large globe 
lamp for the electric light, with which experiments were 
made one fine summer evening on the lac (TEnghhn: the 
waters were perfectly illuminated, but the fish, instead of 
coming towards the light, avoided it in alarm ; not one was 
seen, so the apparatus has been useless. This discomfiture 
is described as above by l'Abbe* Moigno ; but we observe 
that his opinion was not very conclusive, for we read in the 
journal of Les Mondes, /. XII., p. 46, /. VI, p. 584, andt V., 
p. 374, articles on fishing by the electric light, in which he 
attaches more importance to the matter. In fact, he quotes 
an article stating that Fanshawe had been very successful 
in this way, catching by bait many whitings and mackerel. 
According to this amateur fisherman, the appearance of the 
sea during the experiment was splendid ; the reflected light 
carried the greenish-blue colour of the water from the bottom 
to the summit of every wave. The sails and rigging of the 
vessel were also illuminated, and it seemed as if it were 
v floating in a sea of gold. The silvery fish darted all around 
and constantly rose towards the surface of the illuminated 
water, presenting the appearance of brilliant jewels in a sea 
of azure and gold. It is true that in another article the 
author of the Les Mo fides describes the experiments made at 
Dunkirk with a submarine lamp excited by currents from an 
Alliance machine, experiments which have left much uncer- 
tainty on the action of the light on fishes. 

Electric lights have, however, been constructed for fishing, 
and Gervais has, according to the journal Les Mondes of the 
30th March, 1865, a rather ingenious one, which is attached 
to a buoy, and can be let down to any required depth. 
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Application to Submarine Working. — Since diving, 
bells and various other apparatus for supporting respiration 
under water have made it possible to work at the bottom of 
the sea, several kinds of hydraulic work, and numerous re- 
coveries of sunken vessels have been executed with ease. 
When the depth of the water which is to be entered is not 
great, daylight readily penetrates the liquid layer and affords 
sufficient light to the workers ; but at a certain depth the 
light fails, and the submarine explorations, which must 
always precede the working, become impossible. No doubt, 
by fitting a lantern with apparatus for renewing the air, a 
light may be maintained as men's respiration is maintained ; 
but this necessitates a supplementary pump and special 
apparatus to prevent the current of air from extinguishing 
the light. With the electric light the problem is solved in 
the simplest manner, and the extent of the space illuminated 
is much greater. The regulator with a globe, which we have 
^already mentioned, may be used, or a special regulator to 
give the light directly in the water. However, as the light is 
in this last case much more difficult to control than when it 
is vacuo, the former method is to be preferred. 

The experiments made at Dunkirk on fishing by the electric 
light have allowed the way in which the light behaves under 
water to be examined, and it has been found that magneto- 
electric machines, as well as the light they produce, are cer- 
tainly applicable to submarine working. At a depth of 60 
metres the light remained quite steady, and it illuminated a 
very large surface. The machine, moreover, was placed at 
more than 100 metres from the regulator. The surface of 
the glass in the lantern remained perfectly transparent, and 
the consumption of the carbons was less than in the open 
air. 

Applications to the Projections on a Screen of 
Optical Experiments, Photographic Transparencies, 

&c— There are many physical phenomena which require 
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Ko be projected on a screen in order to be visible to a whole 
audience. There are certain of these (relating to the nature 
of light itself) which require an extremely intense light to 
show them. No doubt, with solar light and a heliostat, the 
problem may be immediately and cheaply solved. But 
more often than not, the sun is absent when he is required, 
and we are forced to forego those experiments which not 
only impart greater interest and attraction to a course of 
lectures, but which are much better understood and much 
better remembered when they have been strikingly presented 
to the eye. The electric light can be most successfully sub- 
stituted for the sun in this kind of application, and Duboscq's 
regulators have, as we have seen, been arranged purposely 
for that object. 

The apparatus for projecting the electric light consists of: 
1 st, an arrangement for steadying the light, so that the con- 
sumption of the two carbons does not displace the luminous 
point ; 2nd, a closed lantern containing the regulator ; 3rd, 
a plano-convex lens, for making parallel the divergent rays 
coming from the luminous point ; 4th, of a system of optical 
apparatus, which we cannot here discuss without departing 
from the subject of this work.* We shall describe only the 
lantern, as that is a consequence of the electric regulator. 

Duboscq's lantern is formed of a kind of bronzed copper 
box, which surrounds the upper part of the regulator. To 
economize space, the column of the regulator is enclosed in 
a sort of chimney in which the box terminates. To hermeti- 
cally close the box, small shutters, moved by rackwork, close 
the top and bottom of the box at the same time that its 
door is closed, so that the openings made in the instrument 
for introducing the regulator are completely shut. The inside 
of the lantern is provided with a reflecting mirror and two 
supports, on which two other mirrors can be fitted, in ordci 
to throw the light on the lenses of a certain apparatus called 

• See my account of the method of projecting the principal phenomena of 
optics by means of Duboscq's apparatus. 
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the polyorama, adapted to the lantern for certain experiments. 
Finally, in the side of the lantern is a small bull's-eye, with a 
violet glass, by which the condition of the light is examined. 
In order easily to regulate the position of the luminous point r 
which in some experiments must be fixed in the most exact 
manner, the regulator is placed on a stand which can, by 
means of two screws, be moved in two rectangular directions 
(up-and-down and sideways). 

The projections may be made at any distance ; only they 
lose their brightness and clearness where the distance is out 
of proportion to the intensity of the light : 5 metres is com- 
monly the most suitable distance for the light from a battery 
of fifty elements. We show in Fig. 72 an experiment of this 
kind. 

The magic lantern gives, with the electric light and Levy's 
or Favre and LachenaFs transparent photographic views, 
effects so striking that a spectator would fancy he is tran- 
sported to the very spot ; and such a perfection in the views 
is now attained that the objects sometimes seem to stand out 
in relief, as in the effects of the stereoscope. This method of 
projection is now much used commercially, and, besides 
Duboscq's apparatus, which are applicable to every kind of 
optical experiment, there are those of Molt&ii, which are ex- 
clusively adapted for this kind of application. 

Among the projection experiments that have been made 
by these apparatus, we may particularly mention that of the 
reading of microscopic despatches forwarded during the siege 
of Paris by carrier-pigeons ; these despatches, each of which 
covered less than a square millimetre, were easily read before 
the multitude of those who were interested in receiving news 
from the provinces. Fig. 73 represents this application of 
the electric light. 

The electric light has also been used for the photographing 
of places or objects not otherwise illuminated. In this way 
Levy has reproduced the pretty fountain under the staircase 
of the Grand Opera, and certain English and American 
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Fig. 72. 

use this means for copying and printing, and Pierre Petit and 
Liebert have even lately fitted up a complete electrical 
arrangement for taking portraits in this way. We read in 
the Scientific Correspondence of the 14th January, 1879, the 
following news ; — 
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"A. Liebert, the well-known distinguished artist, last Saturday 
invited the press to his artistic and elegant mansion in the Rue 
de Londres to witness photographic experiments by means of the 
electric light. We use an ill-chosen word in saying experiments, 
for they were not experiments, but a real and practical applica- 
tion of the electric light to photography. The sun is no longer 
indispensable; I believe Liebert has even dispensed with his 
services entirely. By the new system the studio is always ready 
to receive sitters, at midnight as well as at noon, and the opera- 
tions are carried on regularly and uninterruptedly. 

" Liebert obtains these interesting results by means of a very 
simple arrangement. A hemisphere of two metres in diameter is 
hung from the ceiling, so as to present its concavity towards the 
sitter. This hemisphere carries two electric light carbons, of 
which one is fixed, while the other is made movable by a screw 
connected with its holder. The carbons are brought together at 
right angles to each other. It is, in fact, an ordinary regulator, 
with only the difference that there is no mechanism, the carbons 
being brought together by hand as required by their consumption. 
At each posing of the sitter the two carbons must be placed at 
the proper point. The duration of the sitting is so short that 
this cannot fail during the interval. 

" The novelty and the improvement of the system consist in 
the circumstance of the light not falling directly upon the sitter. 
This light is first of all projected upon a screen, which in turn 
reflects it to the interior of the hemisphere, which is of dazzling 
whiteness, so that the luminous rays thus dispersed and divided 
surround the person whose portrait is to be taken. The illumi- 
nation is splendid ; the face is softly lighted, without any hard 
and exaggerated shadows. The sitter's eyes easily support the 
brilliancy of this light, and do not suffer from any unpleasant 
glare. 

"A dozen portraits were taken between u o'clock and mid- 
night with the greatest ease, and all were perfectly successful, to 
the great satisfaction of the guests so kindly invited by M. and 
Mme. Liebert. 

"The electric light used for this purpose is produced by a 
Gramme machine, driven by a gas-engine of 4 horse-power at 
the rate of 900 turns per minute." 
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Public Trials of the Electric Light* — According to 
a claim advanced by Deleuil in the journal Les Mondes 
of the 26th November, 1863, it was his father who made 
the first experiment on the large scale with the electric light, 
and that in 1841 at the Quai Conti, No. 7. For this purpose 
he used a Bunsen battery of 100 cells, and produced the light 
between two carbons in an exhausted globe. Among the 
scientific men who were present at this experiment was 
Cagnard de la Tour, who was able to read a label in the 
crown of his hat at the base of the statue of Henri IV. 
Another experiment was made in 1842 by Deleuil pere, on 
the Place de la Concorde. Nevertheless, it was Archereau 
who in the first instance most contributed to popularize the 
electric light, and I shall ever bear in mind that the expe- 
riments made by him every evening, either in the Rue Rouge- 
mont or in the Boulevard Bonne-Nouvelle, determined my 
taste towards electrical science. This excellent pioneer of 
science I have, therefore, to thank for starting me in the 
career I have ever since pursued. 

Since these first public experiments many interesting trials 
of the electric light have been made, as at Rio Janeiro on 
die occasion of the anniversary of the independence of Brazil, 
frequently at London, and for two months the Avenue de 
V Impkratrice was lighted by means of two Lacassagne and 
Thiers lamps put up on the Arc de Triomphe de TEtoile. 
Wonderful experiments were also made at Boston, in 1863, 
to celebrate the victories of the Federal armies (see the full 
account of these fetes in Les Mondes, tome II., page 165) ; at 
the ball given at Paris in honour of the Emperor of Russia, 
equally brilliant experiments were made under the direction 
of Serrin ; they have also long been carried on at Le Car- 
rousel, at the Bois de Boulogne, at the Lac des Patineurs, and 
in a multitude of other cases where people went to see the 
electric light as they would go to see fireworks. At the pre- 
sent time the novelty of all these effects has worn off, and 
we are getting so tired of them that they attract only a 
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limited degree of attention. On the stage, however, this 
light produces its full effect, and the play of the Pomtnes de 
Terre Maiades, in which it was used on the French stage 
for the first time, the operas of Le Prophete, Moise, Faust, 
and Hamlet, and the ballets of La Filleule des Fees, La 
Source, &c, have shown what admirable resources this light 
has placed at the disposal of the scenic artist. 

Application of the Electric Light to Theatrical 
Representations. — The most striking effects that the 

electric light has produced on the stage have been contrived 
by Duboscq. For this purpose he has arranged in the 
new Opera-House a room set apart for the necessary bat- 
teries and engines. Without stopping to describe the effect 
o( the rising sun in Le Prophete, which everybody at once 
admired, and which was produced by a mere upward move- 
ment of the regulator — a movement skilfully disguised by a 
number of more or less transparent curtains ; without speak- 
ing of the application of the voltaic arc for projecting a 
bright light on certain parts of the stage, in order to make 
groups or portions of the scenery stand out brilliantly, we 
may state that the intense rays of the electric light have 
served to reproduce upon the stage certain physical pheno- 
mena in their natural aspect, such as rainbows, flashes of 
lightning, moonlight, &c. This source of light is the only 
one which has proved intense enough to produce on the 
immense stage of the new Opera-House those effects of 
light and phantasmagoria which the public find so striking. 

According to Saint-Edme, from whom we borrow these 
details, the rainbow was produced at the Opera-House for 
the first time by Duboscq, in i860, in the revival of Moise. 
The occasion of the appearance of the rainbow in the first act 
of that opera is well known. At first, bands of coloured 
paper in the curtain, representing the sky of Memphis, were 
illuminated by large oil-lamps simply. Afterwards came the 
electric light, but only the method of illumination was 
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changed, and it was not until many attempts had been made 
by Duboscq that a real rainbow was obtained, in the follow- 
ing manner : — 

" The electric apparatus supplying the arc," says Saint-Edme, 
"is placed on a stand of suitable height at 5 metres distance 
from the curtain, and perpendicularly to the canvas representing 
the sky. The whole optical apparatus is arranged and fixed in 
a blackened case, which diffuses no light externally. The first 
lenses give a beam, which afterwards encounters a screen cut 
out in the form of a bow. This beam is received by a double 
convex lens of very short focus, which serves the two purposes 
of increasing the curvature of the image, and of spreading it out 
On leaving this last lens the rays traverse the prism, by which 
they are dispersed and made to produce the rainbow. The 
position of the prism is not a matter of indifference ; its angle 
must be at the top of the incident beam, or otherwise the colours 
will not be displayed in the order in which they appeared in the 
rainbow. By this method the rainbow appears luminous even 
when the stage is fully lighted. 

" It is no difficult matter to imitate peals of thunder in the 
theatre ; the shops supply tam-tams and elastic sheet-iron for this 
purpose ; but it is not so easy to make lightnings flash on the 
stage with anything like a natural effect At first the pheno- 
mena was imitated by lighting a narrow zigzag cleft in the scene, 
with red fire from behind. With the progress of scenic art, fc 
was necessary to do something better, and by the aid of science 
the source of light was found in the voltaic arc, which is iden- 
tical in origin with the lighting itself. But what further had to 
be found, was some optical arrangement by which the luminous 
beam could be emitted and cut off at rapid intervals, while 
giving the zigzag movement characteristic of lighting. For this 
purpose Duboscq had recourse to a. kind of magic mirror, in 
front of which the electric light was placed. This mirror was 
concave, and the luminous arc was situated at its locus. The 
upper carbon was fixed, but the lower carbon could at any re- 
quired moment be drawn back, when the light would flash out. 
This could also be clone by electro-magnetic attraction, ana as 
the mirror was held in the nand it was possible; by shaking it 
and using the commutator, to obtain currents in various direc 

19 — 2 
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tions, by which the zigzags of flashes of lightning and their in- 
stantaneous apparition were imitated." 

Very curious effects may also be produced by Colladon's 
fountain illuminated by the electric light, by reason, of the 
complete illumination of the jets, and various colours they may 
be made to assume. But the greatest sensation produced 
by the application of science to the theatre, has been the 
apparition of spectres on the stage amongst the actors. The 
reader will recollect the famous apparitions in the piece 
called Le Secret de Miss Aurore, which drew so many people 
to the Chdtelet theatre in 1863; and the performances of 
Robin and Cleverman are not so long past that one cannot 
recall the deep impressions produced by the spectres they 
raised and fought with. 

The whole secret of this display consisted in a plate of 
unsilvered glass placed in front of the actors, and inclined at 
an angle of 45 degrees to the stage. This plate of glass re- 
flected the images of living spectres, strongly illuminated by 
the electric light, who were placed in an opening below at 
the front part of the stage. These images were visible on 
all sides without intercepting the view of the objects, actors, 
or scenes on the other side of the glass. It was necessary 
to success, that the position of the persons representing the 
spectres should be so arranged that their images should 
appear vertical and seem to stand upon the floor, and also 
that their movements should accord with those of the actors 
on the stage ; opening and closing the illuminating appa- 
ratus by means of a movable screen, would cause the appear- 
ance and disappearance of the spectral images. 



PART VI.— CONCLUSION. 

If all that has been said in the foregoing work be mentally 
reviewed, and its logical conclusions be sought for, the question 
of electric lighting may thus be stated : — 

The peculiar character of the electric light resides in its 
concentrated power, by which an illumination equal to that 
from two to four thousand Carcel lamps may be given to a 
single point. This property may be extremely useful for 
certain purposes, particularly for lighthouses and ships, but 
it evidently is an inconvenience as regards public illumina- 
tion, and for a long time methods have been sought by which 
this brilliancy may be divided between several lights, in order 
not only to diminish the glare, but to extend the light over 
a larger space. Unfortunately, the methods which have been 
tried for effecting this division have solved the problem. only 
at the cost of a great loss of the intensity produced by a single 
light, But we shall see that by a well-known arrangement it 
may nevertheless be utilized under sufficiently favourable 
conditions. 

It is certain that if the electric arc gives a light too intense 
to be directly borne by the eye, it must be moderated by 
diffusing globes, by which much light is absorbed and simply 
lost This is the case with the Jablochkoff candles, the glass 
enamel globes of which absorb as much as 45 per cent of 
the light But if by any means the light could be so divided 
that these diffusing globes would be unnecessary, this loss 
would cease, and it might happen that with a suitable arrange- 
ment there would still be some advantage in using this system 
in spite of even a considerable loss of light compared with 
that produced by a single arc In the first place, this mode 
of lighting does not involve, like others, a great heating of 
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the surrounding atmosphere ; and in the second place, there 
would be nothing to fear from the chances of explosions and 
fires, nor would the decorations of an apartment be spoiled. 
Besides, the white light does not change the natural hues of 
the illuminated objects, and this may be a great advantage 
for drapers' and other shops where the effects of colours have 
to be considered. Lastly, on account of the diminished 
risks, assurance companies will evidently be able to lower 
their rates. 

With regard to expense, it may be that electric lighting 
will prove cheaper than gas, although the trials already made 
seem to show the contrary; but we must remember that 
these trials are not yet perfect, and we see already that since 
the erection of the Jablochkoff system in the Avenue de 
P Opera, the cost of each electric light, which was at first 
said to be five times that of gas, was lowered by one-half in 
the estimate given by the company to the city of Paris, and 
we think this might again be halved so as to bring the cost 
to only 40 centimes per hour for each light. It may be said, 
it is true, that the cost of gas for an equivalent light is only 
27 centimes; but let us suppose that the globes, which ab- 
sorb 45 per cent, of the light produced, stopped only 24 per 
cent., as Cl£mendot believes he can guarantee, the cost 
would fall below that of gas. These data, it must be under- 
stood, are merely approximative, and I quote the above 
figures only in order to show that it would not be impossible 
to produce the electric light at a cost within reach of prac- 
tice. In any case the Company which works the Jablochkoff 
candles has rendered an immense service by showing the 
possibility of lighting of public thoroughfares by the electric 
light, which had before that been doubted. We have to 
thank the initiative taken by the Company, and the beautiful 
experiments it instituted, for electric lighting having become 
a question of the day, and in every country new researches 
have been prosecuted, which will sooner or later lead to 
the solution of the problem. Several towns in Europe and 
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America are about to be illuminated by this system, of which 
we believe we have not heard the last word. 

It is already certain that a more complete study of the 
division of the light will lead to results more satisfactory 
than those already known. 

In order that some idea may be formed of the improve- 
ments within our reach, it will suffice for me to say that, in 
the investigations hitherto made, the various elements that 
play an important part in the magnitude of the effect pro- 
duced have not been sufficiently attended to. Thus, for 
example, a well-known relation between the resistance of the 
external circuit and that of the generator can greatly increase 
the proportion of the useful work. Nor should it be for- 
gotten that the intensity of the light varies in proportion ever 
so much greater than that of the intensity of the electric 
current. It is already known that the calorific action pro- 
duced by the current varies as the square of its intensity, 
but the resulting light varies in a still higher ratio; for, accord- 
ing to Preece, a platinum wire heated to 2,600° F. gives forty 
times as much light as when it is heated to 1,900° F. This 
explains why the division of the light is attended by so great 
a loss ; since with each weakening of the current resulting 
from this division, there is a loss of light which may, under 
certain conditions, attain the eleventh power of the ratio of 
the diminution of the current. 

All these considerations show that the solution of the 
lighting problem requires much further investigation before 
it becomes altogether practical ; but we believe that no one 
of the questions belonging to it is insoluble, and that before 
long we shall witness at least a partial transformation in 
public illumination. 
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Note A. 

ON THE INDUCTIVE ACTIONS IN THE NEW DYNAMC- 

ELECTRIC MACHINES. 

The inductive actions resulting from the relative move- 
ments of the inducing and induced circuits are seldom studied 
with exactitude, and on that account very inaccurate theories 
of several recently invented dynamo-electric machines have 
been put forward. The following series of experiments may 
serve to fix our ideas on the subject : — 

Let us suppose that on a powerful straight magnet are 
wound several spires of an insulated wire, the ends of which 
are connected with a distant galvanometer, and let the coil 
so formed be capable of taking different positions on the 
magnet. If this coil is placed at the south pole of the 
magnet, and a soft iron armature is brought near that pole, 
a current will be obtained corresponding in duration with a 
magnetizing current, for it results from the increase of mag- 
netic energy communicated to the bar by the presence of the 
armature. This current will gi/e a deviation of 12 degrees 
to the right, and on withdrawing the armature we shall have 
a second deviation of 12 degrees to the left. Therefore, in 
the following experiments a deviation to the right will repre- 
sent inverse currents, and a deviation to the left, direct cur- 
rents.* Let us now see what will happen from the various 

:> It should be observed that the direction of the currents due to the in- 
crease or diminution of magnetic intensity is always the same, whether 
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movements given to the coil when it is passed from the poles 
towards the neutral line of the magnet, and from the neutral 
line towards the poles. This is what will be observed : — 

i°. When the coil is passed from the south pole towards 
the neutral line, a deviation of 22 degrees to the right will 
be obtained, and therefore an inverse current, or one of mag- 
netization. 

2 . On making the reverse movement a new current will 
be produced, and will cause a deviation of 25 degrees 
towards the left, and therefore the current will be direct. 

3°. If, instead of passing the coil from the neutral line 
towards the south pole, the first movement is continued by 
bringing the coil from the neutral line towards the north 
pole, a current will be obtained in the direction opposite to 
that produced in the first half of the movement, and if the 
coil is stopped half-way a deviation of 1 2 degrees to the left 
will be obtained. 

4°. On bringing the coil back from the last position 

the currents are evoked at one or the other pole of the magnet, or at both 
together, and whatever may be the position of the coil on the magnet. But 
the currents produced will be the more energetic as the action takes place 
nearer to the coil. Thus, by placing the coil at the centre of the magnet on 
the neutral line, the current due to the increase of magnetization resulting 
from the approximation of an iron armature to one or other of the two poles 
will be inverse and of 2 degrees, and that which will result from the removal 
of the armature will be direct and of the same intensity. By acting simul- 
taneously on the two poles and developing the armature, these currents will 
show themselves in the same direction, and will attain an intensity repre- 
sented by 7 degrees. If the coil is placed at one of the poles, at the south 
pole for instance, the currents will be of 10 to 12 degrees, when the arma- 
ture is brought near, or withdrawn from, the south pole ; but they will be of 
only \ degree when the north pole is acted upon, and but of 9 degrees when 
the armature acts upon the two poles simultaneously. 

On placing the coil near the north pole, half-way between that pole and 
the neutral line, we shall have an inverse current when the armature ap- 
proaches the poles ; but it will be one of only 5 degrees when the north pole 
is acted upon, and one of only 2 degrees when the south pole* is acted upon. 
It will become one of 9 degrees when the armature is made to act upon both 
poles at once, and the effects will of course be reversed when the armature 
is withdrawn instead of being brought near. 
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towards the neutral line, a fresh deviation of 10 degrees to 
the right will be obtained. 

It follows from these experiments that the induced cur- 
rents, caused by the movements of the coil along the magnet, 
will be the same as if the neutral line represented a resultant 
of all the magnetic actiom of the bar. If this resultant were 
represented by a line through which the whole magnetic 
current were passing, there would follow from the approach 
of the movable coil to this line a current which, according to 
Lenz's law, would be inverse; and this is in fact precisely 
what takes place, since in bringing the coil back from the 
south pole, or from the north pole towards the neutral line, 
deviations to the right are obtained. Besides, it must follow 
from the same law, that on withdrawing the movable coil 
from that line, direct currents should be obtained, and this is 
found to be the case, since the deviations are to the left. 

It will therefore be understood that, in accordance with 
these considerations, a small coil movable round a mag-, 
netized ring, setting out from the neutral line of one of the 
two semicircular magnets composing the ring, and moving 
towards the inducer by which the ring is polarized, must give 
a direct current, and this is precisely what is observed in the 
Gramme machine. 

Let us now examine what occurs from the passage of the 
coil just mentioned, before the inducing pole itself, which I 
shall suppose to be the south pole of the preceding magnet ; 
but this time, instead of taking the small coil, of which we 
spoke at first, we shall take a real bobbin of little thickness 
and capable of sliding along an iron rod, which acts on its 
magnetic core. In order to know the directions of the cur- 
rents that we shall observe, we shall begin by examining the 
direction of the current produced when we bring near the 
south pole of the magnet the small bobbin, which we shall 
present by its anterior extremity, that is to say, by the ex- 
tremity which in the following experiments goes first. Under 
these conditions we shall obtain a deviation to the right of 



NOTES AND APPENDICES. 299 

25 degrees, and when we withdraw the coil we shall obtain a 
deviation of 22 degrees to the left. As this experiment is 
the reproduction of Faraday's well-known one, we perceive 
that the deviations to the right will represent inverse currents, 
and that the deviations to the left will represent direct 
currents. 

Now, if we take the coil in question, and cause it to pass 
from right to left tangentially before the south pole of the 
inducer, taking care to produce the movements in two parts, 
we shall observe : — 

i°. That in the first half of the motion a current will be 
produced causing a galvanometric deviation of 8 degrees to 
the left, and in the second half another current of 5 degrees 
in the same direction. 

2 . That in effecting the movement in the contrary direc- 
tion, the current will be produced in the inverse direction. 

It may therefore be concluded that the currents resulting 
from the tangential movement of a coil before a magnetic pole 
are produced under conditions altogether different from 
those which result from a movement effected in the direc- 
tion of the axis of the magnet. These two movements are, 
in fact, produced not only in two perpendicular directions, 
but also under different conditions with regard to the manner 
in which the induction is produced in the various parts of 
the spiral. In the case of the tangential movement, the in- 
duction takes place only on one half of the circumference of 
the spires, and it acts from the two sides on a different end 
of the coil. It is not thus in the other case ; the relative 
positions of the different parts of the coil remain in the same 
condition as regards the inducing pole, and it is only the 
position of the resultant that varies with regard to the direc- 
tion of the motion. 

It remains to find what occurs when the coil performing 
the movements just considered is subjected to the action of 
a magnetic core, influenced by the inducer, and in this case 
it suffices to cause the coil to pass along the iron rod of 
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which we have spoken, while exposing the latter to the 
action of the inducing pole. On proceeding thus the follow- 
ing effects are observed : — 

i°. At the first moment, when the inducing pole is being 
brought near the iron rod, but at a distance sufficient to 
allow the coil to pass between it and this pole, there is pro 
duced in the coil, placed on one side, an induced current 
which results from the magnetization of the rod, and gives a 
deviation of 39 degrees to the right. The deviations on this 
side correspond then with inverse currents, 

2 . When the coil, placed as in the first series of experi- 
ments, is moved from right to left, it produces, from the 
moment it comes near the inducing pole, a current of 22 
degrees to the left, which is, therefore, a direct current, and 
by continuing the movement beyond the inducing pole a 
new current is obtained in the same direction of 30 degrees 
to the left. 

The effects produced by the passage of the coil before the 
inducer are therefore in the same direction with or without 
an iron rod, but are much more energetic with the iron rod.* 

* The effects produced in this experiment should be carefully noted, for 
they prove that the magnetic actions are not so simple as is generally sup- 
posed. In fact, the results which we have just pointed out cannot be esta- 
blished unless the movable coil is placed on the part of the induced iron rod, 
intermediate between the inducing pole and its free extremities. Beyond 
this intermediate part the currents produced are in the opposite direction, 
which proves that in this case the iron rod has become a true magnet regu- 
larly constituted. Of course, if the rod is exposed to the inducing pole at 
one of its extremities, the magnet has only two poles and one neutral line ; 
but if it is exposed to this inducer at its centre, it forms a magnet with a 
consequent point ', and has therefore two neutral lines. If, however, the iron 
rod, instead of being at a distance from the inducing pole, is in contact with 
it, the effects are quite different. The currents produced by the movement 
of the coil towards the magnet are always inverse, find those which result 
from its withdrawal are direct. This shows that the resultant of the mag- 
netic forces is then concentrated at the inducing pole, which plays the part 
of a neutral line, as if the two magnetic pieces formed but one. This effect 
is always produced, on which side soever of the magnetic pole the iron rod 
is applied. If, however, under these conditions, the rod is separated from 
the magnet by a magnetically isolating substance, the effects without being 
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It nfay therefore be said that the currents produced in con- 
sequence of the displacement of the coils of a Gramme ring, 
in relation to the two resultants corresponding with the two 
neutral lines, are in the same direction as those evoked by 
the passage of the spires of the coils before the inducing pole 
in each half of the ring. 

In order to study the effects resulting from the polar in 
versions, the experiment may be arranged as follows: — on 
one of the extremities of the iron rod provided with the in- 
duction coil mentioned above, a permanent magnet is made 
to slide perpendicularly to its axis. In this way the rod 
undergoes successive inversions of its polarities, and it is seen 
that not only is there produced by this a current more 
powerful than the magnetization and demagnetization cur- 
rents which result from the action of the pole of the 
magnet, but also that this current is not momentary, and 
appears to increase in energy until the inversion of the 
poles is complete. The direction of this current varies 
according to the direction of the movement of the mag- 
netized bar, and if it is compared with that which results 
from the magnetization or demagnetization of the magnetic 
core under the influence of one or other of the poles of the 
magnetized bar, it is observed that it is exactly of the same 
direction as the demagnetization current caused by the pole that 
has first acted ; it is therefore in the same direction as the 
magnetization current of the second pole; and as, in the 
movement performed by the magnet, the magnetic core is 
demagnetized, in order to be again magnetized in the con- 

exactly those we have analysed with the tangential movement of the coil, 
somewhat resemble them, and the difference depends upon the currents, re- 
sulting from the movements of the coil with regard to the magnets, being in 
the direction contrary to those which result from the magnetization of the 
rod, and giving rise to a rather feeble differential current, which shows that 
the last action preponderates. On the other hand, the currents produced 
from the middle of the rod to its free extremity, being no longer opposed by 
the direct action of the magnet, possess all their energy. (See my paper on 
this kind of actions in the Comptes Rendus for the 24th February, 1879.) 
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trary way, the two currents which result from these two 
consecutive actions are in the same direction, and conse- 
quently supply a single current during the whole movement 
of the magnet Again, the movement in the opposite 
direction of the magnet, having for its effect at the beginning 
a demagnetization in the direction opposite to that produced 
in the first case, the retrograde current resulting from the 
retrograde movement must be in a direction the reverse of 
that of the first. 

If we now return to the effects produced by our magnet, 
acting on our coils moving perpendicularly to their axes, it 
will be understood from the preceding that displacement of 
the magnetic polarity of the core must immediately be pro- 
duced by the inducing magnet having for its effect the in- 
version of the contrary polarity of this core before and be- 
hind the points successively influenced, it must follow that 
the different parts of the core of the coils will successively 
constitute a series of magnets with inverted poles, analagous 
to those the effects of which we have already analysed, and 
which are able to produce those currents in the same direction, 
whose presence we have proved. These currents will change 
in direction according as the coils move from right to left, or 
from left to right. (See my article on the electrical actions 
in operation in light-producing machines, in the journal La 
Lumiire Electrique of the ist November, 1S79.) 



Note B. 



4 



ON THE DUTY OF GRAMME MACHINES ACCORDING TO THE 
RESISTANCE OF THE EXTERNAL CIRCUIT. 

We reproduce below an interesting paper of Hospitalier's, 
which shows the importance of the remark made at the con- 
clusion of this work. 



NOTES AND APPENDICES. 303 

Dynamo-electric machines, considered as a source of elec- 
tricity, cannot, by reason of the numerous conditions of their 
action, be classed with other electric sources, such as liquid 
batteries or thermo-electric batteries, and therefore, thanks 
to the kind co-operation of Robert Gray, the engineer of the 
Indiarubbcr Works Co., we undertook at Silvertown, in the 
month of July, 1879, a series of experiments to establish, 
apart from all theoretical considerations, the electric elements 
of dynamo-electric machines placed under certain conditions 
of action. 

Our experiments had reference to Gramme machines of 
the A pattern, called the workshop pattern (represented on 
page 75 of this volume.) We must mention that similar ex- 
periments had been already made in France by Mascart and 
Angot (Journal de Physique, 1878), and in England by 
Hopkinson (Institution of Mechanical Engineers). The 
former were undertaken more particularly from a theoretical 
point of view, from which we cannot here regard them ; the 
latter relates to Siemens' machines, and it is a similar inves- 
tigation that we desire to have made in France on the 
machines which are here most in use. 

Dynamo-electric machines are set up to work at a given 
speed, which it is convenient to maintain in order to produce 
from these machines all they can yield without damaging 
their parts or the solidity of their construction. We suppose, 
then, that the speed of rotation is constant, and we refer the 
electric elements to a normal velocity of 1,000 turns per 
minute. When the register indicates a greater or less velocity 
it is always easy to reduce it to this standard, for it is found 
by experiment that, other things being equal, the electro- 
motive force is proportional to the number of revolutions of the 
machine even for variations reaching to 300 turns a minute. 
We were particularly desirous of experimentally explaining 
the variations of the electric elements of the Gramme 
machines, by causing the external resistance to vary from 10 
ohms to an external resistance of nothing. 
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Internal Resistance of the Machine. — On testing by the 
method of Wheatstone's bridge, the resistances of the ma- 
chine experimented with were found to be : — 

ohms. 

Total resistance of the machine before working i'*35 

Resistance of the coil when warm, after having been working 

some time in short circuit 075 

Resistance of the electro-magnets under the same conditions ... 072 
Total resistance of the machine when warm 1*47 

These figures show that the internal resistance of the ma- 
chine varies within very narrow limits, and that these varia- 
tions are due to the heating of the wire, the resistance of 
which increases with the temperature. 

ft 

Electro-motive Force. — Curve I. of the diagram, given in 
Fig. 74, shows the variation of the electro-motive force when 
the external resistance increases. The total resistances are 
referred to the axis of the abscissae, on a scale of T 7 oths of 
a centimetre per ohm ; the electro-motive forces are referred 
to the ordinates on a scale of -^ths of a millimetre per volt 
When the total resistance is more than four times the in- 
ternal resistance, it will be seen that the electro-motive force 
is nearly constant and very feeble. This is due to the fact 
that the induction on the coil is produced only by the re- 
sidual magnetism of the electro-magnets. Then this electro- 
motive force increases very rapidly between 6 ohms and 4 
ohms of total resistance, and it reaches a value of 107 volts, 
varying then very little. This is caused by the electro- 
magnets being magnetized to saturation ; the magnetic field 
remains constant, and as besides the speed of the induced 
system is constant, the electro-motive force, which is pro- 
portional to these two quantities, can vary only by the 
heating of the wire. 

Intensity of the Current. — The intensity of the current, 
expressed in webers, is represented by the curve II. of the 
diagram on a scale of -^ths of a millimetre per weber. 
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It will be seen that this intensity, at first very feeble, in- 
creases afterwards in a nearly regular manner for total resist- 
ances varying between twice and four times the total resist- 
ance of the machine. These intensities have been calculated 
by the formula 

R 




10 vhm* 



in which q is the intensity in webers, e the electro-motive 
force in volts, r the total resistance in ohms. 



Work transformed into Electricity. — The figures we have 
found are referred to the unit of time, the second. The 
value of the work transformed into electricity is expressed 
by Joule's formula, w = 10 q" r, in which q and r have the 
same meaning as before, and w is the work in meg-ergs. In 

20 
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order to reduce to French units or kilogrammetres we must 
know that the kilogrammetre equals 98*1 meg-ergs. 

Curve III. of the diagram shows that the work trans- 
formed into electricity, which is very small when the total 
resistance exceeds 6 ohms, increases afterwards rapidly and 
regularly as the resistance diminishes. The scale of curves 
III. and IV. is ^ths of a millimetre for 2 kilogrammetres. 

Utilizable Work in the External Circuit. — The current 
produced by a magneto-electric machine is divided into two 
parts : the internal work which heats the wire of the coil and 
the electro magnets, and which cannot be utilized, and the 
available work produced in the external circuit, and which 
may be employed either to heat a wire, as in our experi- 
ments, or to produce different effects. 

The utilizable work, represented by curve IV. in the 
diagram, after having been very small, increases as the total 
resistance diminishes. It reaches its maximum when the 
external resistance is equal to the internal resistance of the 
machine, and afterwards diminishes to nothing when the 
machine is arranged in short circuit In this case the whole 
of the work supplied by the motor is transformed into in- 
ternal work, the machine becomes greatly heated, the bnishes 
burn, and the insulation of the wire may even be damaged. 

Duty. — Duty in its general sense is the ratio between the 
work expended and the work utilized* If only the work 
transformed into electricity is taken into account, as we shall 
do here, by neglecting the passive resistances and the fric- 
tion of the parts, the duty is the ratio between the total work 
transformed into electricity (curve III.), and the work utili- 
zable in the external circuit (curve IV). This ratio, always 
less than L, is represented by curve V. in the diagram. It 
will be seen that this ratio increases with the resistance, and 
tends towards I. for an infinite resistance, in which case 
there is no longer any current This assertion seems, in 
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contradiction to that which has often been made, that the 
duty is maximum when the external resistance is equal to 
the internal resistance. There is in this an error in the 
words which must be rectified. 

It is not the duty that is maximum in this last case, for it 
is only 50 per cent, but the utilizable work in the external 
circuit The largest quantity, therefore, of utilizable elec- 
tricity will be obtained from a given machine by making the 
external resistance equal to the internal resistance, but the 
highest electrical duty will be obtained by making the external 
resistance equal to 5 or 6 times the internal resistance. 
Under these conditions the machine will supply very little 
electricity, but the greatest part of it will be utilized on the 
external circuit. In practice, it is preferred to lose on the 
duty, and to cause the machine to produce the most that it 
can furnish at its normal velocity, by placing it under the 
conditions of maximum utilizable work, a maximum which 
is attained when the external circuit is equal to the internal 
resistance, certain corrections being made, which, according 
to the experiments of Jamin, Roger, and Le Roux, must be 
introduced into the value of the internal resistance. 

In one experiment, the machine turning with a velocity of 
1,000 revolutions per minute, with an external resistance of 
27 ohms, or i*8 times the internal resistance, a current was 
produced of 25*5 webers intensity, with an electro-motive 
force of 107 volts. The total work transformed into elec- 
tricity was 273 kilogrammetres, or 364 horse-power; the 
utilizable work was 179 kilogrammetres, or 2*38 horse- 
power. 

In this case the duty reached 65 per cent By taking into 
account friction, passive resistances, &c, the value of which 
might reach 1 horse-power, the utilizable work is only about 
50 per cent of the work really used up by the machine. 

Experiments made under various conditions of resistance 
on different machines manufactured at Silvertown gave 
similar results. 

20 — 2 
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Tension and Quantity Machines. — If, on a given dynamo* 
electric machine, we expend a certain quantity of work w r 
the expression of this work transformed into electricity may 
be put into this form : — w = q e. Now this may be done 
in these machines in two ways. 

By making q very great and e very small, the machine, 
having then little tension and supplying a large quantity of 
current, takes the name of a quantity machine. 

q may also be made very small and e very great ; the 
machine, having little quantity and a large electro-motive 
force, takes the name of a tension machine. 

The former class should work with an external circuit of 
small resistance ; the latter, on the contrary, requires a con- 
siderable external resistance to satisfy the relations which 
should exist between the external and internal circuits in 
order to obtain the maximum utilizable effect. 
. In conclusion, we give a table showing the different values 
assumed by the electric elements of a machine, according as 
it is constructed to supply a so-called quantity current, or a 
so-called tension current 



Eletnents of the working of Gramme machines, determined 
by experiments made at Silvertown, July, 1879. 



Electric Elements. 



Number of turns per minute 

Internal resistance in ohms 

External resistance 

Total resistance of the circuit 
Intensity of the current in webers... 

Electro-motive force in volts 

Work expended in kilogrammetres 



Quantity 
Machine. 


1 

Tension ; 
Machine. 


797 

I'20 


967 

458 ! 


I 14 

29 67 
8ir,8 


4 -co 

858 

I75 1 
158*50 


^43 


277 



It will be seen that, according to this table, for the same 
quantity of work expended, the electric elements, resistance, 
intensity, and electro-motive force are notably different 
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It is possible to construct intermediate machines by suitably 
adjusting the lengths and thicknesses of the wire on the 
•coils ; but the figures we have just given show within what 
limits the Gramme machines used for the electric light are 
comprised. 



Note C. 

THE CRITERIA OF THE ELECTRIC LIGHT. 

We here extract the following passages from a paper by 
W. H. Preece, which we find in the Telegraphic Journal of 
the 15th February, 1879 : — 

" Heat and light are identical in character, though different 
in degree; and whenever solid matter is raised to a very 
high temperature it becomes luminous. The amount of 
light is dependent upon the height of this temperature ; and 
it is a very remarkable fact that all solid bodies become self- 
luminous at the same temperature. This was determined by 
Daniell to be 980 (F.), by Wedgwood 947 , by Draper 97 7 ; 
so that we may approximately assume the temperature at 
which bodies begin to show a dull light to be 1,000° (F.) 
The intensity of light, however, increases in a greater ratio 
than the temperature. For instance, platinum at 2,600° (F.) 
emits forty times more light than at 1,900°. Bodies when 
raised to incandescence pass through all stages of the 
spectrum : as the temperature increases so does the refran- 
gibility of the rays of light Thus, when a body is at a tem- 
perature of— 

250° F., it may be called warm. 
5oo° „ „ hot. 

i,ooo° we have the red rays. 



1,200 


n 


» 


orange rays. 


1,300° 


» 


99 


yellow rays. 


1,500° 


a 


» 


blue rays. 


1,700° 


»> 


» 


indigo rays. 


2,O0O° 


» 


» 


violet rays. 
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So that any body raised to a temperature above 2,000° will 
give us all the rays of the sun. Inversely, the spectroscope 
may thus be enabled to tell us the temperature of the different 
lights, and it is, perhaps, because some lights do not exceed 
1,300° that we lose all those rays beyond the yellow. 

" Tyndall has shown that the visible rays of an incandescent 
wire bear to the invisible rays a much smaller proportion than 
in the arc, and it is generally assumed that for the same 
current the arc will give at least 2\ times greater light than 
an incandescent wire. Tyndall's figures are as follows : — 

Visible Rays. Invisible Rays. 

Gas ... ... ... ... 1 to 24 

Incandescent wire ... 1 to 23 
The arc 1 to 9 

" The requirements of a good electric lamp are first, intense 
brilliancy; secondly, great steadiness; thirdly, duration. 
The Serrin lamp has the first kind of excellence ; all those 
lamps based on incandescence excel in the second respect ; 
the Wallace Farmer light is the only one that attains the 
third point. The Rapieff is perhaps that form which, up to 
the present, most nearly combines the three requisites, but 
in reality no lamp has yet been introduced which fulfils all 
these requirements. 

" The objections to the use of the electric light are : — 

i°. The deep shadows it throws. 

2 . The indifferent carbon that has hitherto been manu- 
factured for the purpose, which leads to unpleasant sounds, 
to great variation in the intensity of the light, and to waste. 

3°. The difficulty in distributing the light itself. It is so 
intense, and confined to so small a space, that it does not 
lend itself to distribution like the gas flame, which occupies 
a considerable space. 

4°. The unsteadiness of the light due to variations in the 
speed of the engine employed in driving the dynamo machine. 
There is another cause of variation in the electric arc, and 
that is the variation in the resistance of the arc itself, for it 
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has been clearly demonstrated by experiments both in Ame- 
rica and in England, that the resistance of the arc varies as 
the resistances in circuit vary. The following table will 
show this : — 



Current in 
Webers. 


Light in 
Candles. 


Resistance of Arc 
Ohms. 


IO 


44O 


277 


i6-5 


705 


125 


21-5 


900 


1*67 


30*12 


1,230 


•54 



" The light in the arc varies directly as the current, and not 
as the square of the current, as generally assumed. 

" Now, in the case of light raised by incandescence, the 
light will increase as the square of the current. It follows 
that if in the one case — viz., the arc — the light increases as 
the current only, and in the other case — viz., incandescence 
-^-it increases as the square of the current, a point is reached 
when the light produced by incandescence will equal that 
produced by the arc. The difficulty in reaching that point 
is the difficulty of obtaining a conductor with a sufficiently 
high point of fusion to resist the effect of powerful currents. 
Iridium is the only metal that is known to do this, and 
iridium is too scarce and too dear to be used for the purpose. 

"The multiplication of the light by Gramme's machine 
upon the Thames Embankment must not be taken as the solu- 
tion of the problem of the subdivision of the light Theory 
shows unmistakably that to produce the greatest effect we must 
have only one machine to produce one light. We know 
from absolute measurements that such a machine can be 
made to produce a light of 14,880 candles, and it is possible 
to produce 1,254 candles per horse-power. But the moment 
that we attempt to multiply the number of lights in circuit 
this power diminishes, so that we have on the Embankment 
lamps giving us a light of scarcely more than 100 candles. 
The light of the Rapieff lamp in the Times office appears to 
be about 600 candle-power, and the Wallace light is equal 
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to 800 candle-power. In these two instances six lights are 
used in one circuit, but we have not here the subdivision of 
the light ; we have, on the contrary, the multiplication of the 
light, produced by the increased speed of the engine due to 
the insertion of additional lamps. It is, however, easily 
shown that if in a circuit where the electro-motive force is 
constant we insert additional lamps, then when these lamps 
are joined up in one circuit, *>., in series, the light varies 
inversely as the square of the number of lamps in circuit, and 
when joined up, as in the multiple arc, the light diminishes 
as the cube of the number inserted. Hence the subdivision 
of the light is an absolute ignis fatuus. In the first place no 
machine has yet been produced which is competent or 
capable to light over 20 lamps ; secondly, no conductor is 
known but copper that is capable of conveying the current 
required to light these lamps, and copper is an expensive 
.material; thirdly, no electric light has yet been produced 
combining all the criteria of a good light." 

We consider this conclusion somewhat premature, and we 
must confess that on this point we do not quite agree with 
the learned English electrician. 



Note D. 

ON A NEW ARRANGEMENT OF THE WERDERMANN LAMP. 

The new arrangement of the Werdermann lamp, mentioned 
on page 209, consists in the addition to the arrangement 
shown in Fig. 56 of a brake acting on the lateral contact, and 
put in operation under the influence of the end contact, 
which is for this purpose adapted to the extremity of a lever 
attached to the jointed guide that brings the brake into 
action. So long as the pressure exerted by the movable 
carbon on the end contact is uniform, the brake does not act, 
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but the moment this pressure begins to diminish or increase, 
either on account of nodosities in the carbon, or from other 
causes, the brake is loosened or tightened, and thus the 
carbon is allowed to advance more easily or less easily. 

This arrangement of the end contact at the extremity of a 
jointed lever enabled the lamp to be automatically re-lighted 
in case it went out For this purpose it was sufficient to 
place a contact below the jointed lever. When the latter is 
no longer kept up by the movable carbon, it falls upon the 
contact spring, and sends the current into the supplementary 
lamp. 



Note E. 
on edison's new discovery. 



The new metal discovered by Edison, mentioned on page 
215, is simply platinum freed from the bubbles of gas enclosed in 
its pores by being several times heated in a vacuum for pro- 
longed periods. Under these conditions the metal becomes 
much harder than in its ordinary state, and less fusible. 

Edison states that he has succeeded in obtaining a wire of 
this kind, giving with a radiating surface of jfe of an inch, a 
light of 8 candles, which would, with the ordinary wires of 
commerce, have been only 1 candle. " I can therefore," he 
says, " by increasing the calorific capacity of platinum, use 
wires of very small radiating surface, and considerably reduce 
the electric energy necessary for the production of a light of 
1 candle. / have, in fad \ succeeded in obtaining in this way 
8 luminous centres, each giving a perfectly fixed light of 18 
candles, and yielding a total light of 138 candles, using for the 
purpose only 36,000 foot-lbs., that is to say, less than 1 horse- 
power of steam" 
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ENGLISH EQUIVALENTS OF THE FRENCH 
DENOMINATIONS USED IN THIS VOLUME. 
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Fig. 75. 



MEASURES OF LENGTH. 

i kilometre = iooo metres = 0*6214 mile 
-1093*6 yards, 
1 metre = 1*0936 yards = ^2Sog feet = 39*37 
* inches. 

1 decimetre = o*i metre = 10 centimetres 
= 100 millimetres = 3*937 inches. 

1 centimetre = 001 metre = o*i decimetre 
= 10 millimetres = 0*3937 inches. 

1 millimetre = *ooi metre = *oi decimetre 
= o*i centimetre = '03937 inches. 

MEASURES OF SURFACE. 

„• 1 square metre = i* 196 square yards — 107698 

5 square feet. 

I 1 square millimetre = 0*00155 square inch. 

< 

MEASURES OF VOLUME. 

1 litre = 1 cubic decimetre = 1000 cubic 
centimetres = 61*02709 cubic inches— 0*22017 
gallon = 0*88066 quart — 1761 33 pints. 

1 cubic centimetre (cc) = # ooi litre = 0*06103 
cubic inch. 

WEIGHTS. 

1 kilogramme = 1000 grammes = 2*20462 
pounds avoirdupois. 

1 gramme = 1543235 grains = 0*035274 os. 
avoirdupois. 

1 decigramme = o*i gramme. 

1 centigramme = o*oi gramme. 

1 milligramme = o*ooi gramme. 

314 
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WORK. 

i kilogrammetre = 7*233 foot-lbs. 

THERMOMETRIC SCALES. 

To convert centigrade degrees into Fahrenheit degrees 
multiply by % or i*8, and add 32 to the result 

MONEY. 

1 franc = 100 centimes = 96 pence. 
25 francs = £1 sterling. 
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RECENT INVENTIONS. 

Since the publication of the original edition of this work, 
the inventors of electrical apparatus have not been idle. 
Patents without end have been, and continue to be, granted 
almost daily for alleged improvements in current generators, 
and for new forms of electric lamps. But none of these in- 
volves any principle which has not been already illustrated 
in the course of this work, nor does it yet appear that any- 
one is destined to supersede such forms of apparatus as are 
described in the text. Nevertheless, there are some quite 
recent developments of certain forms of apparatus that 
greatly affect the problem of electric lighting, and these may 
here be very briefly described. 

Incandescent Lamps* — Incandescent lamps of ex- 
tremely simple construction have been lately brought out by 
several inventors. These are all identical in principle, con- 
sisting of a slender filament of carbon enclosed in a vacuous 
vessel. They differ in such particulars as the dimensions of 
the carbon filament, the material from which it is prepared, 
the method of attaching its extremities to the current con* 
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ductors, and the manner in which the vacuous vessels are 
exhausted and sealed. Such lamps will, without damage, 
bear a certain maximum of current for a more or less pro- 
longed period, the amount of light depending, of course, 
upon their electrical resistance and the energy of the current. 
In operation, their average endurance, or " life," has been 
stated to be, under favourable circumstances, about 1,000 
hours. The question of the subdivision of the electric light 
presents no difficulties with these lamps, and they solve the 
problem of the application of the light to domestic purposes. 
Swaris Lamp. — The inventor of this lamp has discovered 
r method of preparing from cottoji thread very attenuated 

filaments of carbon of the tenacity 
requisite for their sufficiently pro- 
longed stability and endurance when 
in use. These extremely thin car- 
bons are perfectly homogeneous 
throughout, and are so far from be- 
coming damaged by use that the 
effect is to a certain extent an in- 
crease of their solidity and elasticity. 
Fig. 76. The arrangement of the lamp, which 

is shown on Fig. 76, is extremely 
simple. The filament of carbon, bent round so as to form 
a spirally circular loop of about one-fifth of an inch in dia- 
meter, is enclosed in a glass bulb about two inches in 
diameter. The extremities of the filament are connected 
in an ingenious manner to two platinum wires, which pass 
outwards and either form two small loops, or terminate 
in binding screws, for connecting with the circuit. These 
platinum wires are fused into the bulb, and are supported by 
a piece of glass, which descends internally for a certain dis- 
tance. The bulb is hermetically sealed, after having been 
completely exhausted by means of a Sprengel pump. The 
light yielded by these lamps is mild and steady, with an in- 
tensity depending, of course, on the current of electricity sent . 
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through them, but which may be safely carried as high as 20 
candles. It is stated that 1 horse-power of force absorbed 
suffices to maintain 10 of these lamps. At the Exhibition of 
Electrical Apparatus at Paris in 1881, the Swan lamp re- 
ceived the gold medal as being the best system in its class. 

Maxim's Lamp. — The carbons for this lamp are prepared 
from cai fridge paper, and the vacuous bulbs contain a residual 
atmosphere of a hydro-carbon instead of air. It is claimed 
that by this the durability of the filament is increased, and 
the irregularities of the resistance at various points become 
equalized. This form of loop preferred by the inventor has 
four parallel vertical portions, nearly like a capital M. The 
resistance of this lamp is stated to be more than twice that 
of Swan's lamp. The light given out maybe carried to 50 
candles. 

Edison's Lamp and Fox-Lanis Lamp. — Edison prepares 
his carbon from a filament of bamboo, while Fox-Lane 
makes use of a string of flax. Both make a single loop of 
the carbon, which is bent into a horse-shoe form. The re- 
sistance of Edison's lamp is about the same as that of Maxim's, 
while the resistance of the Fox-Lane lamp is less than that 
of the Swan. 

The Faure Secondary Battery.— Planters polarization 
battery, which was invented about 1859, has been mentioned 
in the text (page 15). This battery was formed by the action 
of the current from a primary battery on plates of lead im- 
mersed in diluted sulphuric acid. The nature of the polariz- 
ing action itself is explained on page 9. Faure also uses 
thin plates of lead for the elements of his cell, but instead of 
forming lead oxide by electrolysis, he coats one of the plates 
with a film of red oxide of lead, and this is separated from 
the other plate by a layer of felt. The Faure cells, or 
" accumulators," as they have been called, are made of a 
large size, and according to Sir W. Thompson, one of these 
cells, weighing 75 kilogrammes, "can store and give out 
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again energy to the extent of an hour's work of one horse- 
power." The Faure cell may be charged by a voltaic battery 
or by any generator or dynamo-electric machine giving a direct 
current. The light of incandescent lamps worked by the 
Faure accumulator is perfectly steady, being absolutely free 
from those fluctuations which may usually be detected in the 
action of the dynamo-electric machines. Its great use for 
the electric light consists not only in its supplying the means 
of carrying a store of electricity about, but in affording a regu- 
lator for the^lamps. In fact these might remain lighted for 
hours, even if the electric supply from the engine were in- 
terrupted. A train lighted up with incandescent electric 
lamps, worked by Faure's accumulators, has been running 
continuously for some months between London and Brighton, 
without any failure of the light once occurring. This inven- 
tion imparts to electric illumination as great a degree of readi- 
ness and certainty in workittg as has been claimed for gas- 
lighting. 



THE END. 
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Theories of Modern Astronomy. By O. M. Mitchell. With 
numerous Illustrations. Crown 8vo, 2s. 6d, 

Popular Astronomy ; or, The Sun, Planet, Satellites, 

and Comets. With Illustrations of their Telescopic Appearance. 
By O. M. Mitchell, zs. 6d. 

The Story of the Peasant -Boy Philosopher. 

Founded on the Early Life of Ferguson, the Astronomer. B) 
Henry Mayhew. Illustrated. Cloth gilt, 3*. 6d, 

The Wonders of Science; or, The Story of Young 

Humphrey Davy, the Cornish Apothecary's Boy, who taught 
Himself Natural Philosophy. By Henry Mayhew. Illustrated. 
Cloth gilt, 3X. &/. 

The Book of Trades, and the Tools used in Them. By 

One of the Authors of " England's Workshops." With numerous 
Illustrations. Small 4to, cloth, gilt edges, 3*. &/. 

Wonderful Inventions, from the Mariner's Compass to 

the Electric Telegraph Cable. By John Timbs. New Edition, 
with additions. Crown 8vo, cloth, 5*. 

A Manual of Fret-Cutting and Wood-Carving. 

By Sir Thomas Seaton, K.C.B. Crown 8vo, cloth, 2s. 6d. 

The Laws of Contrast of Colours, and their Appli- 
cation to the Arts. New Edition, with an important Section on 
Army Clothing. By M. E. Chevreul. Translated by John 
Spanton. With Coloured Illustrations. Crown 870, cloth, 3*. 6d. 

Geology for the Million. By Margaret Plues. Edited 
by Edward Wood, F.G.S. With 80 Illustrations. Fcap. 9 
picture boards, if. 

Scientific Amusements. Edited by Professor Pepper. 

100 Woodcuts, if., boards ; is, 6£, cloth gilt 

Electric Lighting. Translated from the French of Le 
Comte Th. Du Moncbl by Robert Rodtledge, B.Sc. (Lond.), 
F.C.S., Authdr of " Discoveries and Inventions of the Nineteenth 
Century," "A Popular, History of Science," etc With 76 Illus- 
trations. Crown 8vo, cloth, 2r. 6d. 



LONDON AND NEW YORK. 



DUE AS STAMPED BELOW 
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RETURN TO the circulation desk of any 
University of California Library 

or to the 

NORTHERN REGIONAL LIBRARY FACILITY 
Bldg. 400, Richmond Field Station 
University of California 
Richmond, CA 94804-4698 

ALL BOOKS MAY BE RECALLED AFTER 7 DAYS \ 

• 2-month loans may be renewed by calling 
(510)642-6753 

• 1 -year loans may be recharged by bringing 
books to NRLF 

• Renewals and recharges may be made 
4 days prior to due date 
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